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THE PREPARATION AND PROPERTIES OF HYUBOGEN i?EROXID.B]. 

Genera.l Introduction. 

A c~.sual b19J1Ce throu.;h the Ii terature ffic'd::es c~,t 

once evident the variety of uses a~ueous Solutions of 

Hydrogen Peroxide are capable of. Its bleaching ~)o\~'er, 

energetic oxidizing properties and antiseptic .. action 

From the standpoint of pure science its interest 

lies both in the sirnilari ties and distincui Glling ClllJT-

c; cteri sti cs to v/ater. O\iing to the v~)"l ue at t8~clled to all 

the 1) r 0 per tie s 0 f 17 ;:-'1 t e r i tis ext r e ll-:'8 1 J i 111;) 0 r t cUl t t 0 

study a COlLl,:)cund Yfhose properties raore nec'.rly aJ)lJl'oxiL1ate 

to ~2ter than any other substance we at rresent know. 

Pro oubly the tHO ~J.O st di f3 tingui shine character-

istics [1_re those of insta~)ili tJ 2.nc~ oxicli~inL pro:perties 

both of 'ahi cll .;)ropertie G a~) )ear to be at tTi bu tabie to 

the 88':;'11e cause, the loose cor:lbination of an extra OX:J'-gen 

["'-tO~ll to an extre.d1.el:l stp,ble 11101ecule, viater. 

Tae pur,",-:'ose of this thesis then is to Iilec:::,sure 

those physica.l const~~)J1ts of the substc_nce ~;hicll viould 

enable a just corn!)ari son to be Inade bet'~'ieen the const;::~Jnts 

21ready Known for water and those determined for peroxide. 

As the criteri...,of puritY~lting point hns been '., i 

redetermined and found to be slightly different fronl that 

formerly found .... The StEl,tc of 2·sc:;ree;ation of the Illolecules 

of Peroxide h2~8 been tested from the standpoint of the 

dis t rib uti 0 n La \-i an d (:., ual i t 8. t i ve ly ve r i fie d by a s u 1J s e _ 

quent Di electri C COl1sta,nt deterrainati on 0 f c:queous Sol uti ons 

and pure Hydro~en Peroxide. 
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Finally by menns of a specially designed conductivity 

3.))84r-etus making use of c ~~u8.drant electrol~1eter J the con

ductivity of weak and strong electrolytes have produced 

evidence as to the ionizing )ower of the substance as COlLl-

pared to viater. 

Historical In~roduction 

The term It eau oxygenee U cL)_-,lied to designate~~hat vie 

nO\1 c2,11 Hydrogen Peroxide i s sint;:ul'~1rly a))ro~,)riate. L. J. 

Thenard first described the COlillJOund in 1618 in a paper (J) ~ 

enti tIed It Observati ons Sur- 18 Cornbin[:'.i sons entre 1iOxygenee 

et Di vers Acides". The discovery was L12iie v/llil e Thenard 

~1j1as investic;C;;otin2: the action of sulphuric; niLric, arsenic, 

phos_:)horic and acetic ocids on bariruu l)eroxide. His first 

supposition V&S that the li~uids he obtained were "produits 

\ , , 
suroxygenees' of the v:~:,l'ious acids but later he defini tely 

sho~ed th~t the liquids were in every case a super oxide of 

hydrogen. He correctly endowed this compound'~;i th enercetic 

oxidizing power and sho~ed that under tDe influence of heat 

the cornpound decoruposed gi vine rise to Vl-ater and oxygen. 

Natural Occurrence. 

There is a certain alnount of uncertainty about tbe 

alleged presence of hydrogen l)eroxide in the atrnosphel'e and 

rain, snow and dew. C.F. Sello.bein, E. Schone and others 
2. 

claim having detected its presence in the atmosphere and 

rain water. Other investigators, in particular A. Rouleau 

and L. I. de I;. Ilsova deny i ts exl stence. In any case the 
..3 

am.aunt 111ust be very small - bet~/een 0.04 and 1 mgrm per 

Ii tre of ra,in Yic.:,ter. In a year's observation at 1108CO\I'/ IE. 

Schone rel)Orted 110 Ingrm. of peroxide in the rain and snow 

which fell per square metre. 
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According to A. Bach, when the chlorophyll of plants 
4-

acts on carbon dioxide and water in sunlight, formalde~hyde 

CH%O, percarbonic acid H%a~are formed, as indicated by the 

following equation 3HzaoJ ~ 2H.zC<l + CHzO. The percarbonic 

acid breaking down into aoZ a,nd peroxide, thus, H2.C'f-~ aO~ 

..,. H~OZ' The ul tiraate products are of course COz H.2 0 and 02 

due to the de compo ,si ti on 0 f the peroxi de forn1ed. A erea t 

many investigations tend to show the possibility of hydro-

gen peroxide being an interrne'.liate compound in lllany natural 

processes. Due, however, to its· case of decomposition its 

presence is more often assumed than proved. 

'!I{he Forma ti on 0 f Hydrogel?-_ Peroxi de ._ 

(1) Forrnation of Hydrogen Peroxide by Action of Heat. 

HzOz can be forIned by passing a current of Inoist O%, 

through a tube at 2000·c'and rapidly chilling the hot gases. 

\"i. Nernst has estimated the percentage H%02ca.t')Hble of exist

ing in equilibriurl1vii th water and O..z at 1/10 atrnospheres 

pre ssure . to be Ciui te umall i. e. B.t 2- 500°C, . 66:1;" at G50 0,_ 
.00036%. It is perfectly obvious that if the hydrogen 

peroxide formed at the high temperature is to survive, coo1-

ing must be very rapid. 

(2) Formation of Hydrogen Peroxide by Exposure to Ultra 

_____________ V~l~·~o=l~e~t~~adiations. 

Vlater confined in a quartz vessel is decornpo sed by rays 

from a mercury lamp. The reaction may be represented as foll

ows ~ 0 = Ha. 0...,.. Hz, of course the hydrogen peroxide is sub-
1/ 

sequently decomposed to give water and Oz and after suff-

icient length of tim.e has e13psed the hydrogen and oxygen 

evolved by both of these reactions are in the proportions 

which would occur if v·,ater were directly decornposed into its 

elements. 
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(3) Formation of Hydrogen Peroxide by Electrolysis. 

The soln which collects around the anode during the 

electrolysis of slightly acidulated Vi2,ter l the acid in 

question being tl~004 ) possesses oxidizing properties usually 

assumed to be due to hydrogen peroxide. The mechanism of 
I 

such a reaction rnay be sornething'of the following nature. 

According to Caven & Lanle~l)ot;::,ssium lJersulphate' Iil8.y be 

obtained at the anode using 9, high current densi ty from tIle 

electrolysis of ~)ote·,ssium acid sulphate, thus -

HO S03K~ H + 9 SOjK 
2. : 

HO ScgI( ° SO.,K 

It would seem probable that the production of hydrogen 

peroxide at the anode \"ii th vlater slightly acidulated Vii th 

H,&SO+ VJould COnfOI'In to the follo".ving scheme 

HO SO H 
~ Ha

RO SO H 

The 'Per suI ph~k Cl.cid then reacts "Ii th water to gi ve HzS" 0. 

R&O -PH~0a. -r H,!Sa 01 as an intermediate product. and then the 

reaction ul t imately gi ves H.& 0,2+H.l.Sa. 07 -+- 2Ha,.SO+ r O. 

Probably it is viorth notin2' in this connection thci,t 
i) 

chlorsulphonic acid preSU.ll1: 1,bly reacts Vii th anhydrous hydrogen 

" peroxide according to the scheme (5) 

From this reaction it is evident that persulphuric acid can 

be considered as a derivative of hydrogen peroxide in the 

follc\\:-ing manner 

o H 
1 becomes on substitution of the S03 H ° H groups for the two H atoms. 

o SO!H 
1 per sulphuric acid. 
o SO.,H 
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Corrunercial PrelJaration of HZO,4 

One of the Inodern rllethods takes adv8.ntage of one of 

the reactions 8.bove mentioned. An aqueous solution of either 

pot2~ssi lin per-sulphate or ~!ersulphuri c acid is ele ctrolysed 

using a high current densi ty Yiith the subsec.;.uent I):'oducti-on 

of a f2 .. irly pure .;)roduct containing about 301~ hydroGen 

peroxide by weight. 

Nature of the Ilnpurities usually present in the 

Comrnercial Product. 

Before the cormnercial product C ed'l be used for any sort 

of investigation it must be purified. Obviously if we know 

v.-hat the impuri ties are vie stand a Illuch better cll.arlce of 

renloving them. Usually sus~)ended and dissolved inol'gcJ"nic 

solids, traces of salts of heavy i~let2.1s together.;i th a 

sm.all percentoJGc of su1911uric ficid fonn the most important 

one s. Due, hov~reveI', to the instf',bili ty of the coymuercial 

.product the Hlanuf~cturer usually adcis li .. ha tis terlned an 

inhi bi tor or more corre ctly 0.11 an ti ca talys t. T11i s addeu. 

Inaterial ',:hich tends to prevent the decol!lposition 11lay be c:ny 

of a v~)riety of substo,nces; c'lcohol, :;lycerol, eCher, nc,,'p-

acetaniliue jmagnesium silicate B.nd s:::t2.icJclic acid (,.re ~ll 

used. 

Chemical Effects of the Inhibitas on Peroxide. 

In the case of organic inhi bi tors c,ctual chenlical 

oxidation lllay often take place. It is not an UnCOHlrllOn thinG 

to notice the 8111el1 of ni trobenze,:18 from peroxide solutions 

to '\vhi ch acetanilide has been adci.ed. Fi rst 0 fall Hydrolysi s 

of the acetanilide occurs CH~CONH C,H,5-+CH,3 COOH+-C,I-I5N Hz.. 
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The aniline is then slowly oxidized to nitrobenzene accord-

ing to the following scheme -

C,:H,NF~HNC,H~~ C"HsNH.NH C,H:>-
~ .~ 

HydI~O benze ne 

C, ~ N: N C, Hs ~ C,. Hs1V C, H6" -7>' 

Azobenz~ne Azoxybenzene 

2 Q, H.sN0,t. whi ch is ni tro benze.ne , 

Another example is salicyclic acid. This is apparently 

added as sodiwn salicylate but beCOTIleS hydrolysed to s8.1i-

cyclic acid~ Because then of the energetic oxidation of the 

peroxide the inhibitor originally added is not necessarily 

the sUbstance found in the solution due, as has been shoYvn, 

to chemical reaction. 

Partial Inhibition of the Decomposition of Hydrogen 

Peroxide or Negative Catalysis. 

As has been m.entioned previously there are a; large 

number of sUbstances classified broadly as or[;c,nic and in-

organic whi eh inhi bi t to a considera;Jle extent the decompos-

ition of hyd.rogen peroxide. The effect then is a typical 

example of the important phenortlenon known as ttNegati ve 

Catalysis". b 

Unfortunately in contrast to the marked attention and 

copious literature devoted to positive catalysis, no well 

defined opinion is prevalent as to C8uses or, in some cases, 

even the existence of neg2tive catalysis. ·:n-,s importance 

however from both the st~ndpoint of chemical theory and 

applied chemistry in such problems as decolnposi tion of 

hydrogen peroxide (thermal E\nd PhotJchemical) halogena,tion: 

and autoxidation warrant a detailed consideration. 
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As in discussion of pOElitive catalysisO .... can classify 

negative catalysis as either llomogeneous or heterogeneous 

accorc.ing to Ywile ther one or laore tllan one phc:~5e is COnCeI'LC:d. 

in tIlC;; reaction. 

Ordinarily the latter type is explained on tllC ass-l.Jlll)tion 

of interaction with, or absorption of the negative c2talyst 

on the posi ti ve catalyst. Undoubtedly rnany instances of 

"poisoning" must be attributed to such a cause. If tile posi-

tive catalyst be a colloid the negative one may act as an 

agglomerating ~gent thereby considerably varyin~ the inter-

faci al surfe_ce. 

Retardation in hODogeneous ~edia does not appear to be 

so readily ex)laineci on t:Lli S oa,si s. In thi s case the explan-

ation seeH1S to be in one, or both of the follo~/ing consider-

a tions J Ti toft"7 as a resv~ t of :li s \/ork on tile oxida ti on of 

sodium sulphite solutions ill presence of various catalysts 

and inhibitors, concluded that in this case negative catalysis 

consisted in "'v1:ie suppression of the posi ti ve catalytic acti v-

i ty. 

\,J hi C 11 dono t 00 n f 0 rIn toT ito f f • s poi n t 0 f vie w • Its e e laS 

necess[',ry to find SODle other explane.tion;) fo r the inhi bi tion 

of the autoxidation of benzaldehyde, styroline, oils, fats, 

etc., \ihich has been carefully carried out by Boureu and 

Dufraisse· s 
The r&.tively SI.ll2Jll amounts of inhibitor excite attention 

Accordingly to lloureu and Dufraisse, a trace of lWdroquinone 

can suppress the oxidation of benzo,ldehyde. rne Question no'\iV 
-I. 

c,rises hoyv c[n one TIlolecule of r:n inhi bi tor in say, 10000 

molecules of reacting suostance so markedly affect the J)I'ocel;:)s 
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of such an easily oxidizable substance as benz8,ldehyde. 

The huraan impossibility of being in tvvo places at the one 

time makes it inconceivable how anyone molecule CQuld be 

10000 places at the sarne tirne. A sill1)le cc;,lculation, how-

ever, will indicate thc:_t the idea is not really ausurci. 

lioureu found that carefully purified benzaldehyc1.e absorbed 

two cubic centimeters of oxygen per ~~linute. The seune alTIOunt 

of benzaldehyde containing .00b grarns of hydroci.uinone a-u-

sorbed less than .005 cubic centi:llcters of o:L~yc;en. 

This perm ts us to calculate that the nwaber of oen-

zaldehyde molecules reactiTl[ DSI' ~ilinute is Ct)proximately b x 
If 

10 , also .005 grams of hydroquinone re)resents 3 x lOlq 

molecules. It-vvottld, therefore, CL)IJear from chis c{iJlculation 

that there are a sufficient nW!lber of hyaroquinone molecules 

to forIn an equimolecular compound~Ji th all the ben.2.~'-ldehyde 

molecules normally reacting per one h~-::Llf minute. No VI co~m-

pound forrllation I)rOceecis at an exceedingly rapid rC::Jte relati ve 

to the benzaldehyde-benzoic acid reaction so that there are 

an adequate nwnber of hyclro(lUinone molecules to react in 

stoicheiometrically simple ratios \v'i th the lllolecules 

\/hi ch would norraally hc::::..ve reacted in the senne tillle intervc:!"l. 

\,i th the point of vicY; of cornpound forraation on the 

one hand and suppression of t:le positive catalyst on the 

other ~e are in a position to discuss the inhibition of the 

decouposi tion of hydrogen peroxide. For thi s purpose v.e rnay 

choose a specific case - viz. the negative catc".lytic action 

of c:.:,cetanilide. 
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First of all by making use of two j ustifis.ble assulH}Jtions 

let us calculate whether""cornpound formation" theory is 

probable. The first a.ssUL1ption is tl1at the deconlposi tion 

of ordinary 3% hydrogen peroxide of cormnerce decomposes 

at the rate of about 1/2% per day, i.e., .001 gram per 

minute. The nurnber of peroxide molecliles decornposing per 

minute would be .0001 x 6.06 x lO'~ 2 x lo'f, add one 
34 23 

.1 x 6.06 x 10 tenth gra.rn of acetanilide per Ii tre 1,Ne have 
135 20 

4. 5 x 10 . Evidently there are more theJn suffi cicnt nwnber 

of acetanilide molecules to forfll E corllpound of the far mulae 

Ha 02,' CH3 COlfrI C, H~ whi eh due to i ts rapidi ty takes priori ty 

over the sl :::'Vler reaction leading to \'i8,ter and DC ygen. 

We ha.ve j-0.st shovm on the basis of the calculation that 

the compound form.ation is probo.ble. Let us now compare it 

wiyh the conception of the suppression of a positive catalyst. 

It is to be noted the ghrase "hydrogen Deroxide of 

commerce" was used above. If the SBllIe product be carefull:Jr 

purified,by a method to be described later and so far as it 

is po ssi hle to deternline free from any inhi bi tor, decolllpo 8i iion 

appears to be negligible . The logical conse~uence of this 

experimental fact then, would appear to be thet the reaction 

under ordinary circumstances is due to a positive catalyst and 

that the aceta.nilide sllPpresses thi s cc\talyst to SOlne extent. 

The formulation of a mechanism appears to be cluite impossible 

because of the number of variable factors involved. All tl1at 

one can say about these two theories in this specific instance 

is that suppression of a positive catalyst appears to fit in 

best with eyperimental facts. 
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The Preparation of Pure Aqueous Solutions of 

Hydrogen Peroxide and also Pure Hydrogen 

Peroxide. 

Description of Apparatus. 

Essential.1y the apparatus is that conunon1y used in 

vacuum distillations. Tl1e receptacle A is separated from 

the rest of the apparatus by an ungreased tap T and serves 

as a container for the peroxide prior to its entering the 

distilling flask B. This distilling flask is fitLed to 

the apparatus by means of an accurately ground glass joint. 
bR+~ 

The flask is firmly held in posi tion by means of the v!Taterl\],~ 

surrounding the Il1ain body 0 f the di stilling flask. The trC;~i.J 

C is likewise fitted thrOUbI"l a ground glass joint and pre-

vents anything that lnight 'oe Inechanically carried over fro:m 

the distilling flask reaching the distillate. The vapour 

is cooled by a condenser D and. collected in a two litre 

receiver E. This receiver is packed in a freeLing :mixture 

of ice and salt. A tube H is connected to a nlanoIaeter G, 

then to 8, cHlci urn chloride IIlanganese dioxide trap I( to a 

cenco pump. One of the important factors in obtaining the 

highest efficiency is to have an adequate cooling systeul. 

A condenser about five (5) feet long thrOUgll which Y/8Jter at 

about 3_5°C. is ra.pidly 9assing h2,s been found qui te efficient. 

The trap H consisted of a tube about two (2) inches in 

diameter and a foot long. It was filled about 3/4 full 

of quite finely divided calcium chloride on top of whicll 

Vias placed a layer of manganese dioxide. The fune tion of 

this was to decompose any hydrogen peroxide into water alld 

oxygen, the calcium chloride in turn removing the I.JcJter • .It 

was repeatedly observed, however, that only a small amount 
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Distillation apparatus for the preparation of pure aqueous 
solutions of hydrogen peroxide. 
A. Reservoir capacity 500 c.c. 
T. Ungreased tap surrounded by a water vath to prevent leakages 
B. Distilling flask surrounded by water bath. Temp.80oC 
c. Trap surrounded by water bath M.temp. 80°C 
D. Water condenser 
E. 2 litre flask surrounded by ice and salt. 
G. Manometer 
K. Manganese, d)ioxide, Calcium chlor i de trap 
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of water vapour was carried over from the receiver. At 

least twelve (12) litres of peroxide can be distilled 

before the calcium chloride appears moist. It was 

further observed that upon removal of the oil from the 

pump on two different occasions no signs of rusting or 

corrosion could be detected in the mechanism. 

Preparation for and process of Distillation. 

For thi spur 1)0 se the 30% conullercial hydrogen perox-

ide is used. As previously raentioned thi s contains im-

purities which the subsequent process of distillation is 

intended to remove. Stated briefly two classes of impur-

ities exist - organic and inorganic. An efficient vacuwn 

ciistillation must accomplish two purposes - a pure dis-

tillate \1i thout heavy losses of peroxide. Ko diffi cuI t 

problem is met with in the case of the reffioval of inorganic 

materials because any that are present are non-volatile or 

at Ie 2,8 t as in the cp.se 0 f sulphur i c aci d i ts vapour 

pressure at the temperature considereu is low enough to be 

considered negligible. 

Actually the reverse is true \vhere organic compounds 

are concerned eSP-ecially those \Jhich exert a preservative 

action on the peroxide. Conse~uently dependinG on the nature 

of the substcnce_._present the technique Involved in the dis-

tillation must be altered. The first oroblem obviously 
~ v 

lllust be to detGrrnine what thG inhibitor is. This is in 

ruany cases not an easy task for tVlO reasons - firstly the 

concentration is small and secondly identificatio~ ~cactions 

successful in water are not necessarily indicative in the 

presence of hydrogen peroxide. 
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Let us assm.e one ta d actually shown the presence 

of a very comrnon:y used pre servati ve acetanilide. Vie 

wi sh to free the sol uti on fror{l the rnateria1. It J. swell 

known that at ?5°C.this substance readily hydrol~/ses into 

2"niline and acetic acid, both of ~~-ihich steam distill. 

Sorne substance must be added \/11ich will form non-volatile 

compounds y,i th these constituents. One could distill in 

sulphuric acid first eliminating aniline RS ~niline sul-

phate. A second distillation with ~otas8iv..Jjl hydroxide 

would fix the acetic acid. 

In some peroxide recently used the above inhibitor 

-~ias shown to be absent. There Viere good reaSons to believe 
~ 

this was either sodiuIf]. salicylate or salicylic. Co.:l..our 

reactions known to [;i ve good r6sul ts in [:-c1ueous solution 

v7ere attempted. 

The tests however when carried out in the presence 

of the peroxide ';.ere so rnasked as to m2ke a decision 

difficult, if not imgossible. Sorne of the peroxide in 

question had been concentrated and this, when cooled down, 

resulted in the formation of tiny needle crystals which 

flcated on the surface of the solution. By usine a ~lass 

filter plate these crystals were removed from the influence 

of the peroxide and dissolved in a small quantity of water. 

To a portion of this a few drops of ~otassium nitrite, acetic 

acid and copper sulphate were added wlli ch, when heate(~L, 

gave the characteristic test for salicyc1ic acid, i.e. a 

blood red solution. This test was considered as confirm-

atory evidence of the presence of the above mentioned com-

pound. Thi s substance sublimes at 76°C. R.t ordinary 

and i t a1 so steam di still s. 
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The problem of distillation obviously resolves 

itself into an efficient method for the removal of 

not only the inhibitor but the other inorganic impur

ities as well,A~S04- Vias tried. This substance \7ill 

hold back any chlorides and silver salicylate is also 

known. The vc,pour pressure of sullJhuri c acid is so low 

thet it Ivill introduce no cOTI~')lications. This substance 

Vias chosen because it a}))eared to have no influence on tl1.e 

stability of the peroxide even at 90~C.in vacuo. The 

distillate gave no test for ei ther SUll)hates or clliorides 

but did contain traces of salicylic acid. The preoxide 

was then distilled in slightly alkaline solution using 

the following method for determining the meutral condition. 

" Under ordinary condi tions for a 30% solution i)henolpthalein 

is not a reliable indicator. To obtain neutrality the foll-

owing method is recoYillnended 50 C.C. of the solution is dil

uted to about two (2) litres and, aoout five (5) drops 

of rhenolpthalein is added. Drop by drop 4 N KOH is let 

in until the first appearance of a pink colour is evident. 

The end point so obtained is probably on the alkaline sitie 

but just to an ext,ent to prevent undue decomposition and, 

appears at the srune time to be sufficient to prevent the 

hydrolysis of the potassiUIll salt of salicyclic acid. 

Even though the alkali concentrati on i s slnc~ll , hydrogen 

peroxide especially at the temperature of distillation is 

extremely sensitive to it. Further fo~~ine is often not-

i cee,bl e. It \-;,as found th[1,t bo th 0 f these di ffi cuI ti es 

could be eliminated by the simple expedient of adding sm~l_ll 

'i 
quantities of sodium py$onhosnhate.HA" P",01 to the slightly 

alkaline solution. 
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The eXllerirllenta1 evidence pre sen ted iHould indi cC),te 

thcd~ the correct procedure \'Jould be to di still the origin~3;1, 

crucie product in slightly alkaline solution ~Ji til a trace 

~ 
of sodiUln PYS01Jhosgru?,te e,dded. This is open to one objec-

tion. The c. ... uanti t::,: of sulphuric [~cid is (iui te large 1/2 to 

1%. The 8JllOUn J
\J of KOH rei . .:,'l.lired. is therefore also of con-

sidera.ble magnitude. The first irD~·tions to distill u_ei)osit 

the a.lkali in the flask so thet succeeding portions are 

bein~ distilled, not in sli~htly alL~line, but suite stronsly 

alkaline solutions. Even therefore if a.n inhibitor is 

present, such as sodiwn pyrJ]hos)hate, ~uite he2vy losses are 

incurred. 

di stilled pr 0 duct but i t i 0:) to be relnernb(;re (1 tllet in t hi s 

case the su1iJhuri c c~ ci d tle;:3 already been rellloved C:: llLi the 

actuc-ll 21JOunt of KOH )resent even 2,t the end of the distill-

ation of 500 c.c. is f,robably notelnor,3 than 10 or 101; of 

the amount present ~Jhen ~rie sulrhuric neutralization also 

i s r e ~l ui red. 

'~i,[le n, ho Vie v e r, sol 11 t ion sal e not r eli ui re d for ;6 uc 11 

experinlenta1 v/orl<:: c:; s conducti vi ty or dielectric constant 

IlleaSUrenlents one <iistilletion is probably to be preferl'ed 

due to the HID,oun t 0 f t irne s[\ved, ~I .i.li cll, on t LiC \i hol e J lllay 

be more irnportant t.i:lc:Yl somevihat IBTcer los~es. 

Effect of Hydrogen Peroxide on Cenco Pmrrp Oil. 

As previously rnentioned, vacuwn distillation ~vas 

cnrri ed out usinG 2n ordinc:?TY rotary Cenco PlID1l). It \Vas 

interesting to find. out /Jhether one could detect any change 

in the physical )ro~)erties of the PUIllI) oil. The Inost 

important .property from thi s standpoint a'ppeared to be 

whether the oil would thicken so as to prevent the proper 
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action of the pUIUp. The 0 bvi ous constant to be rneas-

ured in thi s connecti o:n \-,-2,8 ·che vi BCO si t:;'"". A seJl1IJl e of 

the oil VlP.S taken and its viscosi ty determined while 

another sanlple was :,)laced in a mechanicD.l shcl..ker hi th 

about an eClual volmne of 307; hydrogen peroxide. TIle 

viscosi ty of tlle oil Vias Illeasured using a 20 c. c. )ipette 

The semple ~~11.ich h8.ci been shaken \/itll. tile .peroxide Vlc"S 

separated and distilled. 

Time of Flow of Oil 
Shaken v, i th H a/for 
J?i ve Hours. tr 

116 se conc~ s. 

Time of Flow of Oil 
us used ordinarily 
in Cenco Purnp. 

10 ES'e conds. 

An that the experirnent 8tternpts to 811.0\' is that no 

a~:)-;)reciable chan.;e in viscosi tJ takes j)lace under the 

outlined conditions. 

Exoerirllental Pro cedure . 

Concentration. 

The procedure has been deal t \vi th as to how pure, 

dilute c~(:ucous Gol utions of hyciros;en .p eroxide can be 

obtained. The next step therefore is the concentration. 

1\0 nev; difficulties lrla(ie thelnselves apgaren·t. The scune 

a'p~)aratus carefully cleaned ~.'c~s successfully used. The 

di st illing flask \;~:S fill eci vii th the dilute sol ution and 

the concen tra tion WPS allovied to go only slo~;; .. ly keeping 

the temperature at cdJout 40°C, In this way solutions of 

90% strength were obtained. To carry the concentration 

beyond this point rilepns hee.vy losses. 

Experimental Procedure. 

Crystallization. 

- The only way one ca.n obtain 100,% hydrogen peroxide 

is by the tedious removal of water from the 90% sOlution 
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obtained in the concentr2tion of the dilute solutions 

as previously described. The 3Jparatus re~uired is ~uite 

simple. The tube used for the crystalliza,tion is sho\,n 

in the diagram and the method is almost self expl2natory. 

To the lo~er end of the tube a )iece of capillary is 
o 

sealed. The tube was bent through ItO so as to facilit~te 

'h placing it in the {J.e'i-;rtr. T'viO Inore richt angle bends -\i-iere 
I 

then made so that 'i t could be fi tted by means of a tight 

fitting rubber stopper to a distilling flask. A current 

of air passin:; through dryinG tO~~'iers of calciUlIl chloride 

and the side arm of the distilling served to stir the 

1;€ roxide. A cooling bC.tl:i of co,ybon dioxide and 8~ce tone serveci 

to bring the contents of the tube cLO\-JTI to a tera'perEt ure 

con6ucive to crystallization. 1.' he hydrogen peroxide has 

gre~t tendency to supercool but if a temperature of about 

25-C.is maintained for a shoct geriod of time crystalliz-

ation will begin without the necessity of seeding. This 

appears to be an optin~:um temperature for it Vias not ice(~-
..... 

that if the solution W2S rnpidly cooled in a bath of a 

a 

lOVier ternperature seeding apgeared to be alrnost inve.riably 

necessary. 

When the mass was about 4/5 solid the tube ~as 

quickly raised from the bath and suction applied where the 

air current for stirring passed. In thi S WHy the, 4~Qth~;r 

liquor was quickly carried a\;a:;," frora the crystals. In 

order to as completely as possi ble dry the crysta.ls 2" 

glass rod (one end of which Was fastene6 to a disc) 

served to pack the crystals together and help the grocess 

of ra.pid drying. The l)rocess is conlI)leted until the value 

of the permaneana.te titration indicates within the exper-

imen tal error com~)lete removal of \'Jater. 



• 

Crystallisation Apparatas 

J 
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Usually four crystallizp.tions are sufficient v7hen the 

original solution is 90% peroxide. 

The process of preparation has been briefly des-

cri beel 2nd it is no'VV necessary to consider the preserve_tion 

of the product. 

Preservation of Hydrogen Peroxide. 

A crec.~t de2cl IlC~s been'i,ri tten C:.bout the decomposition 

of hy(:rogen peroxi (i.e in vari ous can tainers under vc'r:L OUS 

condi tions. Under orC.inary condi tions ''life v. ill consi der 

glc.ss. There is plentJ of exyerimental evidence to ShOVl 

-
that soft g18ss is not an efficient receptacle for perox----------- ... - -

ide. As is well kno1v/n ft 1 . l' l· 1 so g ass l~ 2li a ~a_lne g 2SS and 

its effect may be due to 2 thin layer of alkali on its 

-~'\ii th pyrex. 

The glass is treated as fol10\/6. - A new pyrex con-

t2.iner is -;vell ,,8,shed '\Ii th distilled 'wir:\ter. It is then 

allo~ed to stand in contact with strong nitric pcid for one 

or tVIO hours. The fl ask is thoroughly rinsed lJi i th di stilled 

vvater and dried \-/i th a current of air c~.t not higher than 50 G 

The treatment was based on the following ar~waents. ObGer-

vation indicated tl:1c·.t pyrex ·~j~j_S better tha.n soft glD.ss. 

Alkali repidly decom~')oses pero~:ide. Pyrex, on the other 

hand, is, if anything, an a,cid gla.ss. The likelihood -~/cj s 

that pyrex would preserve better than soft glass. Obviously 

the glass must be cleaned vii th sOHle reagent, cleaning 

solution was known to have a sli~ht etching action if 

allovled to stand long enough to secure chemical cleanliness. 

An etched surface means a larger surface and if decornpo si tion 
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is 3. surface phenomenon (at least in part) then dichro-

mate-sull)huric mixtures are not to be recoHlInended. The 

oyidizing acid chosen then Y;as ni tric • 

. It is war th while pointing out here that really pure 

solutions of peroxide are not unstable. The instability 

is quite largely due to the presence of foreign sUbstances 

both in solution and suspension. An oDservation Inade 

·will luake the reason for thi s sta telilent clear. A piece 

of tin vvas in contact vIi th a solution of .L)cro:::ide known 
.;) 

to contain salicylic 2<cid at a temperature of 0 . After 

tl"J.e intervo.l of about fi ve lninutes bubbles [}p)eared around 

the metal surface. The sarne piece of tin -.,i th tl:le SeUile 

strength of peroxide from which (so far (3,S we \vere 8-o1e to 

ascertC',in) all salicylic c:,cid was removed sho~ved no tendency 

to deco:m!ose even after [4 hHlf hour's interval. 

~t 18 to De carefully noted that the inference is not 

to be made that an ac ... ueous solution of the highest l)uri ty 

of hydrogen pero::::ide y;ill not decompose but rather that a 

very small trace of a foreign substance ap]ears to enormous-

ly accentuate the effect, and where such care has not been 

taken the results obtained in decomposi tion experilnents 

may be considered as practically valueless. 

Care is also to be taken in confusing catalytic 

decomposition and actual chemical reaction. An interesting 

case is thct of ~ad. If a piece of lead is dropped into 

an aqueous solution a violent reaction occurs. One finds 

that in thi sease 2. large deposi t of a lead ex ide is act-

uHlly formed probably Pb0a, and thnt the violence of the 

reaction is not that only of a catalytic nature but a chemical 

compound is actually formed. Grease on a flask will act sin1-

illirly. 
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A glass cont8,iner will preserve peroy.ide if i ts 

surface is free from a,lkali and it is chernically cl ea.li. 

The :Mel ting Point of Pure Hydrogen Peroxide. 

A permanganate titration was run giving a value of 

99. grl% peroxide. A Beckmann therrnorneter was pla,ced in 

the crystals about 4/5 of the mass being frozen. The v:--)lue 

of the mass being - .89 The freezing point as prev-

iously given was taken Ii{hen COIDp£ te solidification toolc 

place J Cl..nci the freezinG l:Jp.th Voias kCDt at a teIDJ)crature 

several degrees below the freezing point of the peroxide. 
c) 

The precaution necessary is to keep the b[',th .1 below 

the freezing point continually stirrinL the li~uid. The 

melting differs frorn tha.t found by 11a~~.ss and Hatcher by 

.90 and thi s le-ree di fference n12.y be (:.8cri bed to the slow 

rate of solidification not tu.l:en into a.ccount formerly. 

A carefull~r corrected reaciing gave a value of 

The Beckrnanl1thermometer was standardized 2.t 0
0 

• by plac-

ing i t in supercooled 'Hater J freezing BaILie and noting the 

height the mercury finally rose to. 

The Density of HaOzover the whole Terapero.ture Rc·,n~...!.. 

The Dilatometer method ~as used for this determin-

ati on. To a bul b of about 6 c. c. capCl,ci ty, c. ca:')i 11 ary 

tube was sealed c,nd a. scale fronl a broken Beckrnan Ther-

mometer yv8.S rigii ly fastened to the tube J but of course 

was so fa,stened th2,t it could be easily removed for \\eigh-

ing of the tube. A bath of carbon dioxide and ether in an 

unsilvered ~)ewar could be kept constant by judicious stir-
,/ 

rine; to 1/10 of one degree and tle readings were taken wi th 

the aiel of a magnifying glass. 

The tube Vw'C:l.S first calibrated Vii th water. \igter is 
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oreferable as it has the srune type of rneniscus as per-
..I: 

oxide. V{ater was placed in the -Lube to a certain height, 

weighed and the reading on the scale at a definite temper

a ture Vias noted. Fi ve such rea.dings were deenled suffi C1 ent 

for the pur.P9 s es of calibration. Knowing the volum.e of 

water ~hich could be obtained from the tab~ s from the 

weight, and 8.1so the nUTIlber of scale di vi sions correspond-

ing to these voltuues the volllivue of one scale division is 

obtained, and is equal to ,001515 c.c. 

The first attempt to accura,tely determine the clensi ty 

was most unsuccessful, The dilatometer was made of soft 

e;lass and tlle bulb YiaS blov.rn on the end of the capillary 

tube. It ~as only a moment after the peroxide has been 

placed in the dilatometer th2t decom~osition D2de itself 

a.pparent to a very wa.rked degree. ilS the tube had been very 

carefully cleaned the decolnposi tion cl,rre ars to be due 

entirely to the glass surface. 

Pyrex V/~:,S then substi tuted and it was found the decom-

position could be considerably reduced es~ cially when tubing 

of the required size Vl8_S sealed to the capillary tube, rat:i.ler 

then blowing a bulb, as i t appeared blo\iing a bul b strains 

the glass. A certain amount of local deCOlnIJSoi tion is 
~ 

probably due to point surfaces. Hydrofluoric acid was run 

in and run out again as quickly as possible in order to 

remove a,ny points without 8.ctually etching the Blass. It is 

difficult to say hovv successful the method is cJnd until 

more experiments are carried out it is not to be re cOIDIllende d. 

It lUUSt not be overlooked, however, that the actual 

volume of gas is small. So far as a capillary tube is 
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is concerned it :i11 neverLhe~ess introduce a serious 

error in a reading. The decoD~osition is so slight 

relative to the 1Jveight of the peroxide thgt, over a ,)eriod 

of 2 ho u r s no c ha.n g e y,- c s not e in the 1,-1 e i g11 t • 

The f 0110 ','i11[; 1e tll0 d vras use d villi ch ( as I. ' ill be 

8ho ill subsec.l.uently ) J8.E checked by c ctually li188.surinl; ti1e 

volume of bOs formed . After '{eit)lin6 anci attaching the 

s cale tl'2.e tube ,\i8.S ir1-'erse ... , in 2. c2rbon dioxiQe ether bath 

at 0 C. The tube las alIa-TIed to c01De to tLe tellIl)erature 

of the osth during -ldc~ time a sli-ht decoil)osition took 

place . The "uu_o , 110-7 at tl e tc )erature of t.: e bath , We S 

tap)ed causi ng the tra)~ed g2S to rise end tDe11 the Lenis -

cus readin€; c s i1 D1ec'liatel ,r te :(e11 . 

Tn'J f1ccurb.cy of tl,is uetho' . as )l'ovcn b - the folioYi-

ing procedure . The ci.iagrc.:.lu incli cc.,tes the r~etllo' . 

B ., 
I . 

A 
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R ) K 

R ) I( 

The values of the density of pure Hz.Oz are given 

belov7. The tube was in all cases ta.PIJed. A COJilp8,rison 

h D H t h I ~· .. l' d as well a R t'Ile vii t r. a c er S J.l gure S ln lnc UQe , ...., 

calculated values from the equation for the curve. 

Temperature Density Density Difference 
In C Exuerimental Calculated 

--~~~~.-- ~~!~~~~~ ~------~-- ----------

-19.7 1.4655 1.4 c56 .0001 
-13.5 1.4:791 1.4791 .0000 
-9.5 1.t1744 1.4746 .0004 
-4.9 1.4701 1.4701 .0000 

" 7. -~.0 1.4669 1.4673 .0004 
0.0 1.4649 1.4649 .0000 
2.9 1. 4 61~ 1.4619 .0000 
7.? 1.4569 1.4566 -.0001 

10.0 1.4543 1. L1544 .0001 
12.4 1.4516 1.4519 .0003 
14.1 1.4497 1.4500 .0003 
16.2 1.44?5 1.4479 .0004 
18.0 1.4455 1.4460 .0005 
20.4 1.4430 1.4i135 .0005 
:-33. 3 1.4403 1.4404 .0001 
30.1 1.4331 1.4333 .0002 
32.2 1.4309 1.4311 .0002 
34.0 1.42cc 1.4290 .0002 
35.6 1.4273 1.4275 .0002 
39.9 1.4232 1. i±~~31 -.0001 

The e~uation is D ~ 1.4649 ~.OOlObt 

D = density of pure H~O •. 
.., 

t - tem~erature in C. 

Hatcher's 
Values 7 

1.4747 
1.4693 
1.4669 
1.4630 
1.4596 
1.4547 
1.4520 
1.4492 
1.4476 
1.4451 
1.4436 

In order to check the accuracy of the denSity at zero 

the densities of peroxide solutions at zero ~ere also ob-

tained and in this case the volume of cas lias calculated. 

J:'he open end of the dilatoyneter (B) "yee,S (),tt2_ched by 

means of a flexible rubber tubing to one arm of 0 manometer 

(A). A reading on the dilatometer scale was taken and, then 

by r~ising the mercury level in the other arm the pressure 
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(raea.sured b:i the difference in heigl1.t of the tVfO arras) 

was ap~lied to what bubbles were present. 

By rileans of a forrnula the volume of the bubbles 

at atmospheric pressure can be cal culateu. and thi s vol-

urae subtracteu" frolll t11.e volume of the lic~uid at the lieight 

the reading under atmospheric pressure ' •. as taken. TI'le 

formula for the calculation of tIle volurlle of the bubbles 

is deduced in the following way. 

e.tmospheric pressure. Let PJ 

Let F.t pressure applied vihen the Inercury level 

Let V, 

Let V1 

is rc.~ised. 

vol UTne of bubbles [l,t pre ssure P 

volwue of bubbles at pressure P 

Then assuming Bayle's law, 

P,,,, 
Also V, Vz. - difference in the two readings on the 

sCC:.le x volurne of one division 

VI Vz. '=' (R, - Rz ) K. 

Where R, - reading c1,t P, 
R1. - re2"cLing c;,t P~ 

Now V2. '::' Pl VL, V; c ~ (I? I - R~) ~ (I- A ) 
P~ · PA 

by means of the forraula above and the necessary corrections 

applied. 

The results are tabulatedbelo\-l. 

% H:z 02. Readings 
Atmos.Pres

sure. 

97.02 96 
101 
104.5 

l!ean value for 

Re2.cLing 
£ 4 CTIl. 

94 
97 
99 

density 

Density 

1.44 c9 
1.4486 
1.4488 
1.448"8 

Vol rune 0 f (~'f~1 S LJ . 

in c.c. 

.0066 

.0156 

.0214 
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% Hz. 01, Readings Rea,ding 
Atmos. Pres- 124 cm 

q ~s~u=r~e~. ____ _ 

93.61 267.9 262.5 
268.5 263.0 
270.0 264.1 

l:~ean value for density 

Density 

1.4320 
1.4318 
1.4319 
1.4319 
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Volume of gas 
in c.c. 

.0211 

.0215 

.0235 

The equation for this curve taking the density at 

o o c. for 100 per cent peroxide as 1.4649 is D = .9466 + 

.005l63A 

D density 

A % peroxide 

T~le fact that the denei ty of Hz O~ obtained by lnerely 

tapping the tube agrees so far as the curve is concerned 

TIith t~e two values obtained by the ~ressuref method seeillS 
., 

to warrant accepting the value at 0 C. correct to at least 

one part in 7000. 

The Distribution Law. 

The distribution of HzOa between \iater and ether. 

Before we deBl s)e cifi cally \,'i th the above system 

i tis well to consi der the si gui fi canee of the di S tri-

bution la'v. and vihat it achi eves in cluanti tati vely defining 

HeteroGeneous e~uilibrium.ID 

E qui lib r i Ulil bel 011 g S too n e 0 f t VII 0 cIa sse s - vi Lr • 

homogeneous or heterogeneous. Ti.le fornE r class lends itself 

much more readily to ei ther a theore:;tical or eXi"E rirllental 

approach. Thi sis due to the fact that -~he eq uili bri UlIl 

is confined to one })~J;~se, 'vihile the latter, heterogeneous 

is concerned vvi th tvvo or more. Heterogeneous equili bri urn 

can be defined in two ways. Its ~ualitative expression is 

given by the Phase Rule, its quantita.tive by the Distribution 

Law, while the former is perfectly gener(-~l in its scope 
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the latter is extrenlely linli ted and Inay, under the 

most ideal experimental conditions, only be considered 

as an approximatbn to a law - aDgroxililEttion beca.use of 

the number of va.riable and unknovm factors. 

Thermodynamical Deduction of the Di stri bution Lavv'. 

The law CEd1 be deducelL by nle8ns of a therrnodynarnic 

cycle carried out at constHnt tenlperature. Consider for 

thi s purpose tVJO systems at eLiuili bri Wll a,nd denote thern 

as 1 and 2. 

A substance C is distributed betv/een t-~-JO COI!liJ1etely imrnis-

cible li~uids A and B. Su)pose the concentration of C 

in A and B for system I be C, and Cz. respectively, and for 

system 2 C3 and C~ respectively. It is then re~uired to 

sho~i/ th2"t 0,..= Q.a. _ Cons tan t . 

First Step. 
c1 cf-

Suppose du molecules of C are taken from A (systeul I) alld 

transferreu to A system 2. If the process be carried is-

otherrnally and reversi bly the work done 

Second step. 

iii -
~, - du R T IN' 

The du molecules transferred to A (system 2) will distribute 

themselves between A and B. No ·work is done as equilibrium 

was assumed to e.zist. 

Third Step 

Transfer du molecules from B (system 2) to B (system 1) 

isothermally and reversibly. The work done:: du R TIN£:A.:. Viz. 

ct. 

Fourth Step. 

Di stri bution of the du molecules tre,nsferred from B (sy.stem :2) 



-26-

will take place but as the systenl 1 is also asswned to 

be at equilibrium no \lork is done. 

d · . t tb yC'e l'S therefore The work one ln carrylng ou _e c ~ 

'vJ. +- VI '). 

i.e. du R T In c, + du R T l:n ~ - 0 
c3 c~ 

or .9-!. - £a. -i,e. c~ = .2A 
c3 c+ Cao c+ 

which was what was to be proved. 

Certain assu.m.;,.Jtions 'v'jere made that Iuust be noted in 

obtaining this derivation. 

(1) The molecular state of as.;regation is the sarne in 

both phases for the dis~ributed substances. 

(2) The a)plication of the gas 18:~v is only justified for 

very dilute solutions. 

(3) The phases are completely immiscible.Despite the 

limitations ilnposed on the levW the al)plication of it to 

li-J.uid systems has ~/ielded many usefulfoJcts and admi tted 

the interpretation of phenOYllena otherVlise inexplicable. 

Berthelot and Jungflei sh v/ere among the first to note 
II 

a consistency and constancy in li~uid - liquid systems. 

Their resul ts are interesting in the discussion \ihich v·,ill 

folloVI and are tabulated below. The partition of Iodine and 

Bromine between carbon disulphide a.nd water gave the fo11-

o',:;ing re suI ts. 

12. in CS#! & R,..O K. 
Grms Iz per Grms I 2-
10 c.c. H20.per ID 

C.C. esa, 

.0041 

.0032 

.0016 

.0010 
• 00017 

1. 74 
1.29 
0.66 
0.41 
0.076 

l120 
400 
410 
410 
440 

Bra, in CS. & R"O 
Grms Bra Grms Br~ 
per 10 ~8r 10 c. 
c.c. HJ.O.c. CS" 

0.176 
0.030 
0.020 
0.0011 

10.20 
2.46 
1.55 
0.09 

K. 

58 
82 
7 '-, c 
GO 
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Three .things might be observed in connection \1i th 

the above results. Especially in the case of iodine the 

solutions are very dilute, K is not quite constant, the 

deviations being Yuuch leJrger for Br than for iodine, and 

lastly the state of aggregation is probably the same in 

both phases. A more nearly ideal syste1Jl Viould be very 

difficult to obtain' than the fornler of the above c:.u~d yet 

quite large ~devia~ions are evident. 

A great nurnber of systorns (the one to be di scussed 

being an excellent e~:'.ar:lj)le·) do no t even a))roximate to a 

l8X!oI-hen the 2.~:.Dlication of the 12.1,1 in its Si:llg1est form. 

is ap~lied. Nernst, however, sho~ed th2t this was, in 
I~ 

raany cases, due to 8. IB.ck of consideration of the ;~tate of 

aggregation a distributed substance assumed in each of the 

two phases. Hi s argUlllent v/as tna.t the ScHlIe molecules 

cannot be in irnmediate eCluilibrium if their rnolecular COill-

j)le xi ty is different in the tViO pile,ses. 

Let us assurne in one of the .:.Jhe .. ses the distri buted sub-

sta.nce is associated and in the other the Inolecule is not. 

'\'e can then deal Y/i th the IJroblem by assuming a hornogeneous 

equilibrium in one of the phases and Q heterogeneous e~uil-

ibriurn between the non-8,ssociated molecules in the two phases. 

Such an ec~uilibriwn could be diagrCilllcttically shown 

X ~ &X ~ ()()~] 
Nernst's L'lodifi ce.tion then ta~ces the follovlinc: form. 

(1) If the dissolved substances h28 the sarne molecular 

'.-;eie;ht in both solvents, its distribution coefficient is 

independent of the concentration. 
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(2) If the distributed substance consists of molecules 

of different molec-ular coral')lexi ty the above generalization 

holds for each molecular species. 

\Ve c:ye no\y in 2. po 6i t ion to gi ve the rna therna ti cu.l 

interpretation of this modification of the simple distri-

bution law - the follo-vJing type of eQuilibria is p,ssumed. 

XI Jf 
Let X represent the ty)e of Inolecule characteristic of 

both phases end associated i.n l)hcu:~e 2 to tl1e dilnolecular 

condition. Let C I =- concentration of r:lolecules as analy-

tic2.l1y deterrnined in I and C~- concentrntion as analytically 
/~_/ 

determined in 2. Let A ~ omount of dissociation of complex 

m.ole cuI c s into SilIl~)le. 

Then 1 - a =- amount of association 

Therefore C.z a -= concentration of simple nlolecules 

Cz (I-a) -::- concentration of conlplex molecules. 

Substituting in the above e~uilibrium in ~ilase 2 he have 

~2 = K, Le. eaa - V'C (I-a) K, 
c~T 

According to Nernst t£le ratio of the sirnple molecules in 

the t~o phases is constant. -Ne have 

or finally C I ::. K 3 _ Constant. 

rCot (1-8) 

To actually define a heterofeneous equilibrium ONe 

requiresto kno~ the molecular com0lexity for each and 

every concentration, that is _c,must know a. 
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The Di stri bution of H%Oabetvveen later and Ether. 

Bearing the above considerations in nilnd J let us 

nov; consider the actual resul ts obtained and attempt to 

show hovi the forrner point s of vi e\V fi t in \v-i th thi s par

ti cular systenl. 

Experimental Procedure. 

The apparatus used in this connection Was extremely 

simple, the diagralll being almost self-explanatory. Earlier 

investigators like Valton and Lewis shook a mixture of 

hydrogen peroxide \i2"ter end ether in class stoppered bottles 

at a constant tenlperature. This idea ~/as not considered 

advisable as ~eroxide 8ho,;-,-s a distinct tendency to deco~~lpose 

at eround glass surfaces «nd in order to Ininilnize thi s diff

icul ty an entirely different idea T\lYas used. 

A class tube (A) about 16 Clll. 101lG anc~ 2.3 cm. in 

diameter was draviD out to the diameter of the neck of a 250 

c.c. graduated flask. This neck vas seBled on providinG a 

TIleanS of having the tuoe closed rii th a tightl:y- fi tted C1c:"ss 

stopper. At the bottom and about L Cill. from the bottom 

capillary tubes (F) ~ere seale~ in the tube (A). Before 

the bottom was sealed a glass stirrer Vas inserted consist

ing of three glass spirals spaced about 4 CIlI. ap[~rt and. to 

the top of y,hich a light iron nail enclosed in a glass tube 

was sealed. 

The li~uids were stirred, at a constant tenwerature for 

about an hour by me8-.ns of a rnagnetic stirrer. Around the 

neck of the tube as indicated in the diagram R solenoid (B) 

of bell wire W8,S lJ12.ced, connected in series '.r'-i th a be.nk of 

lamps. In parallel v;ith the solenoid a circuit breaker (C) 

was connected to raise and lower the stirrer. The movement 
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of the stirrer (E) was in this ~ay made dependent on 

the periodic varietion of the current in the solenoid 

and not in the actual making and breaking of the circuit. 

It was found a four litre beaker (n) filled with 

\Iater could satisfactorily control the temperature to one

tenth of a degree with the judicious use of a ~unsen fl~e 

and stirring the water continuously with air. 

The experimental proceJure was as follows: An 

aqueous solution Vias .LJoured into the tube till i ts level 

was about that where the second capillary tube -~was sealed 

in. On top W2.S placed an equal volwne of ether which had 

been purified by Yi8shing, standinc; over calcium chloride and 

subsequent distillation, after sodium had been allowed to 

react for some two or three days. Rubber tubes fitted 

wi th glass pI ugs v. ere placed over the ends of the Cal)illary 

tubes and the glass stopper put in place. The mixture WClS 

stirred at a constant temperature ~Jhen after an interval of 

one to one and one-half hours ec~uilibriwn -~~as reached. 

Portions of each phase Viere then removed in the follcn;ing 

manner. A hollow ground glass tube rias inserte6 in place 

of the stopper after ~ttaclting a rubber tube to it. The 

Ii quid layers were then blo\,ll out through the capillary 

tubes into 25 c.c. specific gravity bottles, the first 

portions in each case beinc neglected. A defini te volUlue 

of each layer was then titrated, or if one c.c. of the 

layer recluired too large a quanti ty of l)erIllanc;anate then 

one c.c. was diluted to 25 c.c. in a graduated flask and 

a defini te volulne of the dilute solution was ti trated. In 

order to reduce errors to a minimuln the same :pipette was 

used for both layers. 
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In order to obtain concordant results one of the 

Inost irn_Jortant things noted waS" the efficiency of the 

stirring. A stirring stroke 5 cm. usually suffices but 

in any case the interfacial layer between tile tv-v-o phases 

lllUSt be continually broken. ProbD.bly the Gain reason 

for care in this direction lies in the f8ct "L.l1C"lt per ox-

ide solutions, especially those of higner concentrations, 

are lnuch heavier than ether. This ~:recaution a.}~)lies 

ec_ually v/ell Yihen dil utine:; a saillple of the layer to a 

knovm volume. Vigorous stirring is necessary to el1f)ure 

horllogenei ty. 

The results obtained in the experiment are eJ~ressed 

in mol fractions of hydrogen peroxide per c.c. of tile 

original water e .. nd ether layers obtained in the fol10\.ing 

1Jvay. 

leol. fraction - no. of c. c. KMn04 JeT l~:ni t volUlue x Ie 
Mol Vi t:,. 0 f H () 

1\101. frac ti on 
Viater Ether 

.03544 .01890 

.03227 .01563 

.02952 .01314 

.02900 .01261 

.02282 .008880 

.01689 .005284 

.01573 .004610 

.01194 .002531 

.009416 .001355 

.009374 .001324 

.005106 .00052.:73 

.004709 .0004097 

.004166 .0003530 

.002238 .0002062 

.001934 .0001252 

.001231 .00007617 

.0005090 .00003070 

.0002571 .00001525 

- C.C. ~En04 ~er c.c. laye~ x .0042~7 
34 

TeIn!) • 25 C. 

GrIlls. per c.c. 
;Yater ·layer I:artition Coefficient 

1.205 1.27 
1.097 2.06 
1.0030 2.23 

.9850 2.30 

.7760 2.57 

.5744 

.5134 3.~9 
3. J9 

.4061 4.74 

.3220 6.95 

.3115 7.06 

.1697 10.95 

.1610 11.55 

.1415 11. (~2 

.09650 13.73 

.06578 15.42 

.04106 16.13 

.01731 16.55 

.002)74 16. (,3 . 
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Temp_ o. C. 

Mol. Fraction 
Water Ether 

Grms. per c.c. 
Aqueous layer. Partition Coefficient. 

.03740 

.02410 

.01053 

.005930 

.001442 

.02418 

.01023 

.002846 

.0009394 

.0001540 

1.2740 
.2213 
.3553 
.2016 
.04902 

1.54 
2.36 
3.71 
6.31 
9.36 

The Distribution of Hz0a,between \Vater and Ether. 

Discussion of Results. 

It is at once evident that the l)arti tion coeffici ents 

shoy! no -constal'lcy in value. The first part of the curves 

1 J 2 and 3 drop qui te shar2)ly vii th a la ter tendency to be-

come almost horiz.ontal to the x axi s at higher concentrc\tions. 

It 'would appear had KoloSSOYisky ~~7orked througl1 the whole 

range of concentrations his curve would have been bet"\ieen 

land 3 for higher concentrations. 

For very dil ute sol utions the curve s l, 2 and 3 all shoYI 

a slight bend but without actually determining values for 

concentrations of the order of land ,05 ~ r cent we are not 

justified in. asslJJnin; they becoll1e asyntotic to tile x axis. 

The question nOVl ari ses as to the possi 'o11i ty of lnaking 

quanti tati ve preuic tions about such a systenl. Let us revie'w 

the conditions essential for tlus Duroose and see if the 
... .J: 

system approximates to them. 

(a) IrMaiscibility. 

If the distribution ratio is to be constant the phases 

must be nlutua.11y insoluble that the mutual solubility is not 

altered by the di stribution of a third conlponent. Thi s con-

dition is, of course, never completely realized. The distri-

buted sUbstance can, of course, do one of two things, it can 

either decrease or increase the solubility of the two phases. 
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If the forrner occurs then at high concentration, it may 

reduce it to a luegligible amount. If the B~tter occurs 

the solubili ty of the tVlO l)h2SeS gradu(3,lly increases to 

a point - consolute concentrations - that is only one phase 

relnains. In such a case the l)arti tion coefficient graduall:y 

drops and ul timately becolues eCiual to uni ty. ConsiderinG 

tll.e question frOlTI this point of vievv, only wb.en the dis-

tri buted _ sUbstance is present in infini tely s111all 8I1l0unts 

or is very dilute can \,,:e expect it not to affect the mutua.l 

solubility. The ternl dilute is 8. relsti ve ternl because 

tr18 IO'wering or' increasing of the nlutugl solubili ty is a 

function of the properties of the components of the system. 

Therefore a gi ven system lllay be investigated over a 111ucll 

viider ranGe than any other 1-ii thout violatinG thi s condition. 

Hydrogen peroxide a:p:')ears to increr;~;e the mutual solu-

bili ty of \vater and ethe r to ['L l:l::?,rked deGree and SOl11e experi-

ments v:ere carried out on just thi G effect. If one 8.ehl s 

alcohol to an ether-water solution one finds it reciuires fi ve 

times as much alcohol as is required when a 52.5% peroxi~e 

solution is substituted for the water layer. Thi~ '~.o uld 

indicate that the process of reaching consolute concentrc1tions 

~.s been increased by the peroxide and that in this case the 

quantity of alcohol required to complete it, i.e. Iilake the 

distribution unity is less than in the case where no third 

component is present. The systeln does not confornl cIa sely 

therefore to the rrinciple of immiscibility. 

(b) The State of ageregation of Hydrogen Peroxide in the 

two phases - Ether a.nd ·~Jater. 

The second condition required is that we asswne either 

that the molecul8.r condi tion is the same in both phases and 
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that it ca.n be represented by simple molecular or else 

that we knOVl quantitatively what the molecular vveight is 

and can calculate the constant of the homogeneous equil-

ibria in each phase. 

It has been definitely shown the law of partition in 

its simplest form is not appli cable to the systern. Tlli s ma'y 

be due to one of two things, either the system dre s not con-

form closely enough to the principle of inTIUiscibility or 

association occurs in one or both of the phases. 

Evidence for association of Hydrogen Peroxide in the Ether 

Phase. 

It is suffi cient to say here thF.i.t having Ineasured the 

Dielectric Constant of pure Hydrogen Perae ide alld i ts (~:queous 

solutions we have found the values to be higher than '\vater 

and for SOHle of the solutions the difference is one of a 

different order of magnitude. 

Association of a lllo1ecular species IIlust be regarded as 

a type of chenlical combination differing only from ordina.ry 

types of combinations in that it takes Dlace between like 

rather than unli~=e rnolecules. It.is evident tYJ.2,t \ie l11UZt 

postUlate some forces acting to bring about a more complex 

state. Vlhen a sUbstance i s kno~-in to possess a higb. dielec-

tric constant we are justified in postulating a segregation 

of the electric charges of the molecule resulting in, or 

givingrise to, fields of force probably both electroyaagnetic 

and electrostatic in origin. 

Let us dissolve this type of molecule in two types 

of solvent, viz. a polar and non-polar solvent, represented 

in this case by water and ether. One \Jould expect the 

following condi tions to resul t. In the forlner case two 
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types of forces are active. Either the peroxide mole

cule will coalesce directly with the water molecule or 

it will tend to associate with itself. The problem then 

resolves itself into which of the two sets of forces will 

be most predominant. ~e are certainly unable to give a 

decisive answer Aut what we can say is that especially 

vvhere water is present in excess solution far the mos t 

part ought to take place in the simple molecular condi tion. 

In the latter case, viz. a non-polar solvent, the 

cord i tion is not the sanle, here the forces acting between 

ether and .geroxide C.re very weak and whenever molecules of 

peroxide collide the chances are fairly large they will tend 

to uni te Yii th thelnsel ves. In other nords the concl usion is 

that peroxide molecules would tend to associate to quite 

a large extent in the ether phase. OK& l<novv.rnei ther the type 

of molecules in the ether phase nor the degree of dissoci-

a.tion at various concentrations of t:1E. molecular cOluplex. 

It wi·~~~sim.ply Gsswne4the molecules are in the dirnolecular 

condition and apply Nernst·s equation. The equation to be 

used is C , K which was developed earlier. 

Since we do not know 'at the degree of dissociation of 

the complex raolecules we will negle ct it for the Inoment and 

calculate the ratio between the concentration in the water 

phase and the square root of the concentration in the ether 

phase. The following results were obtained. 

Cone. of H 0 water Phase 

Cone. of H 0 Ether Phase. 
Telnp. 25 

o 
Ratio 
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Ratio. 

.03544 0.258 

r. 01890 

0.03227 0.258 
V- ---

. 01563 

0.02952 0.258 
II .01314 

0.02900 0.258 
Ir .01261 

0.022-82 0.242 

V 
t ....... "- .... 

~ 008880 

0.01689 0.232 
V .005294 

0.01573 0.232 

r: 004610 

0.011-94 0.237 
U .002531 

0.009416 0.256 

V .001355 

0.009374 0.257 

V .001324 

0.005-106 0.237 
I .00058'73 

0.004709 0.233 
V rd. 0004097 

0.0-04166 0.222 
/I .0003530 

0.001934 0.173 
Ir .0001252 



0.001231 

V-.OOOO?61? 

0.0005090 

1r.00003070 

o .0002571- -

V .00001525 

Conca of H 0 Viater Phase. 
Cone. 0 I H 0 .l!!t.her phase. 
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Ratio. 

0.141 

0.0730 

0.0656 

Te111p. c. Ratio. 

0.03740 0.241 

V.024l8 

O~lQ 0.239 

V- .01023 

0.01053 0.199 

lr .002646 

0,005930 0.180 

Ir .0009394 

0.001442 0.118 

Ir .0001540 

Curves were plotted and included below. Ratio as 

ordinates and concentra.tion in vvater layer as t1.bsci ssaC-, 

Both curves appear to become asyntotic to the concentration 

axis, but ~th a decided break in the curve both for the 25 
o 

and ° curve. Let us neglect the breaks for the moment and 

consider if tre curve is consistent in its general aspects. 

In the first place the calculations used, assumed corn-

o 

plete B.ssociation of the peroxide nlolecul# over the Whole 

range of concentrations. There is plenty of evidence to sho'w 
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that this is not to be expected for dilute solutions. 

:!vIole cular weights in very dilute solutions substantiate this 

point of view. Wl1.at the curves do aller, us to presUlne is 

that if one properly allo~ed for the dissociation ~ the 

associated molecules for dilute solutions one ill uld find the 

ratio approximately a constant. 

Vie will now reconsider tte Nernst equation CI ::. K 

rC2. (I-a) 
~ 

For t"he mo st dilute solution under consideration at 25 C 

the ratio was found to be .0655, At this concentration let 
.. 

us assume a : .9. That is 90% of the molecules t>n trle ether 

pllase are non-associated at this concentration. ~'ie have found 

that C I --- ; 0.0658 

K = 0.0658 
0.316 

_ 0.209 

I-a = .1 Vl- a = 0.316 

For the most concentrated solution at 25 C the ratio was .25~. 

-·It .i:a._assumedhere that a = 0.1 i. e. 90;~ are associated. 

1 - a !: 0.9 (1 - a = 0.950 K -= 0.258 .: .2?2 
0.95 

If the values for a are reasonable then it is evident a 

fair constancy in ratio resul ts fro.m t4i s calculation. \'ie can 

offer no explanation for the derivation ~ the curve except 

that they are in the region where a compound between hydrogen 

peroxide and \7ater is formed and also where a maximum value in 

the diel~ctric constant is encountered. 

It, therefore, seems that the most important factor in 

the interpretation of the above system is the state of ag-

gregation of the molecules in the two phases. On account 

also that a full ro nsideration will be taken up in the nez .. ~ 

section of the thesi s of c.ssociation no further discussion at 

t 11 i s poi n t W 8. S de eme d nee e s s a;r y • 
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By taking into consideration the state of aggregation 
of Hydrogen peroxide in the ether and water phases 
the above curves were obtained at 25 and oOe 
The partition co-efficient - Cone in water phas 7 

Cone in ether phase. 
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THE DIELECTRICCONSTAl~TS OF \VATER, HYDROGEN PEROXIDE 

~41m I TS AQUEOUS SOLUTIONS. 

General Introduction. 
• 

Sufficient physicfll Che111istry data~v8ilable to indicate 

the probability that the dielectric constant of hydrogen 

peroxide is of the SaIne order of Tllagni tude as that of w'ater. 

Owing to the high value of water and its corresponding 

abnormalities, the determination of the constant fOT hydro-

gen peroxide and its solutions seelned to offer sorue interest. 

Irrespecti ve, however, of the Il1ethod e1l1l)10yed it appeared 

necessary to have the peroxide COlne in contact wi th Il1etal sur-

faces. Under the se candi ti ons de COfapo si t ion and even ex-

plosion Ylligl1t 'res4l t so that efforts were raacie to find a. lnetal 

surface which-would be inactive when in contact v~t th ei ther 

tne . soIuti ons or the pure .:material, 

de cided that tin more ne·a.rly approached the i.9.eal than any 

ot~er metal which was tried~ 

The first difficulty ,of decOffil)Osi tion at rnetal surfaces 

having been for the Inost .part eliminated, the choice of a 

sui table method of measure:ment was then 00 nsidered. As will 

be subsequently diS~ussed a number of methods have been dev

ised but probably the most general of'these is·the capacity 

method. 

The use of the heter'odyne method invo'l ving two vacuum 

tube oscillators offered a c6nveni,ent and accurate luethod for 

capacity comparison. 'T~e method is, as one might exuect 
'-J J:: , 

comparatively new so that consi4erable ruaount of experimental 

work was necessary in order to use it for the measurements in 

question. A new type of cell was devi,sed to serve the 
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purpose which. obviates the necessi ty of making lead 

corrections and sufficiently flexible to rae~sUrei}COnstants 

tfrQml to 100. For the m.easurements of hydrogen peroxide and 

its aqueous solutions the cell was constructed entirely of 

tin.. Before going on to the experiraental details and to 

illustrate the general significance of the dielectric con

sta.nt in cb.elnistry, an attem.pt \ivill be made to give a fairly 

full account of the physical significance of the dielectric 

constant. As this is not ~easured directly but as a function 

of the capaci ty it is considered advi sable to s~how clearly 

the relationship be_~ween the two quanti ties. 

Follnv!ing this the chenlical significance of the dielec-

tric constant is discussed from the point of view of polar-

ity as evidenced by association, and indicated by types of 

valence forces, electro an1 co-valent. Finally the precise 

experimental method is developed, the results obtained are 

then given and it is ult~mately shown how these specific 

constants illustrate the correctness of the general deu.uc-

tions. 

At the end of the main section, using the values of 

refractive indices determined at three wave lengths for 

various strengths of solutions, the electrical moraents of 

the peroxide and water molecules are given and the appli

cabilitY,of the Debye equation in the above cases discussed. 

The Dielectric Constant. 

The original conception a the dielectric constant 

began with Faraday and there is somewhat of a parallelism 

in the development of the idea and the atomic conceut of 
..I.,; 

electricity. Chclnical combina.tion is now considered to be 

either a shifting or a sharing of electrons or both and any 
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physical constant capable of giving an idea as to the 

extent either of the above phenomena take place is signi-

ficant in theoretical chemistry. 

Unfortunately there are not -a great lnany constants 

which give evidence as to the distribution of electricity 

in a molecule, so that at present the dielectric constant 

is considered one of the best guides in tIlls respect. In 

chemistry one usually refers to the distribution of elec-

trical charges in a molecule as "polarity" and subsequently 

an attempt \vill be made to develop the idea both frorn a 

qualitative and ci.uantitative point of viev{. Before, however, 

this can be satisfactorily accoyaplished the l)hysical signi-

ficance of the dielectric const2,nt Juust be deal t vii th 

briefly. 

The Physical Sign~fica.nce of the Dielectric Constant. 

The force of attraction betvreen two OP1)osi tely charged 

bodi es or the force of repulsion betvieen two similarly 

charged bodies de~ nds on two things, the degree of electri-

fication of the two bodies and their distance apart. This 

relationship is expressed matheI¥ltically by f'o(.'i~~2. 

where F represents the force between tllli two bodies q, qL 

the charges and f<, the distance in centimetres between them. 

Introduction of a constant in the equation gives F: a 9, 9& 
Je.& 

a - being a constant depending on the mediwil separating the 

two bodies. The reciprocal of a is known as tDe dielectric 

constant. In future it will be referred to as E. For the 

purpose of relative measurement air is taken as unity and 

all other substances are expressed relative to air. The gen

eral equation thus becomes F = 1 ~ 
E RI. 
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Capacity and its relationship to E. 

It is a well known fact in electrostatics that the 

potential produced inside a spherical conductor by a given 

charge varies with the size of the conductor. It can also 

be shown experilnentally that if the SaIne charge be Given to 

two conductors differing in size different potentials result. 

These facts are expressed by saying that different conductors 

have different capaci ties. Tl'le quanti ty of electrici ty Q. 

given to a conductor is proportioned to the potential 

v u ,,0(. V or Q.:: C V, that is the ratio of the ciuantity of 

electricity to the potential is a constant for a conductor of 

any given dimensions. The oonstant C is called the capacity 

of the conductor. 

In order to measure 2J ca)Ctci ty a condenser is used. Its 

principle is best understood from the following considerations 

sU2?pose a metal plate be charbed to 2.. posi ti ve potential V. 

If another insulated plate be brought into the immediate 

vicini ty of the charged one inductive displacenlent takes 

place, i.e. the side of the insul~ted l'late next to the charge 

one assumes a negative charge and the other side a positive 

charge. The effect on these induced charges act in the 

following way on the charged plate. The induced negative 

reduces the charge on the charged plate, the pOEitive in-

creases it. The positive, however, is further away than the 

negative i.e. (the thickness of the pla,te). The ultimate 

effect, therefore, is to slightly reduce the potential of 

the charged conductor. If the insulated plate now be 

grounded the positive potential is removed and the effect is 

to considerably weaken the potential. U~ng the formula i : C 
V 

it is evident as V decreases C increases. It is eVident th,en 
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that the capacity of a charged plate is increased by bringing 

a grounded plate in close ~roximity. Such a syste~ is known 

as a condenser. 

Assume that a condenser has a capacity of C units in air. 

If it is ilflI11ersed in a nlediwn of dielectric E '~~l:(; ... lotentic;,l 

\/ill l)e 1 of what is in· ai r , that is the capaci ty be come s · 
E "' 

E times \'I-hat is vias before. The actual mathematical relat-

ionship for the connection be¥\"reen capacity and dielectric 

constant can be obt2,ined for the sinlple case of a tvvo plate 

condenser in the follo~ing way. Imagine a closed cylindri-

cal surface the ends of which lie on opposite sides of a 

charged ~)lane. It can be shown that at any point infinitely 

close to the charged iJlane the force in the surfc::.ce equ8Jlo 

P, where P - surface density. If the v8lue of the diel-

ectri c constant is E F =- 211 p 
E 

If t-' . .:o para,llel plates A sq. cnl. in area d. cm. 2,:part 

have 8, surface densi ty cha.rge P on one ()late - Pis induced on 

the other. A positive unit ~ill be repelled ~y one plate by 

a force 2ffP 
E 

and attracted to the other b~)F 2ffP 
E 

The 

total force ec'ting then becorD.es 4 ffp The work done in 
E 

carrying the charge from the positive to the negative plate -

F x distance - 41TP x d - potential by definition. Now C = 
E 

1i M. - EA For -
4". d V : 4fT Pd 

air c - A - --4rr d 
E ::. 1 

E 

For medium C - EA --41Td 

• 
•• C medium _ E i. e. the ratio of the Cal)acity of a 

C air 
condenser under .the two outlined conditions gives the dielec-

tric consta.nt of the medium. 
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A brief discussion has been given of the relation-

ship between capaci ty and dielectric constant. Tl1e I(inetic 

interpretation of the latter will now be discussed. 

The Kinetic Interpretation of the Dielectric Constant. 

This interpretation so beautifully worked out by Debye 

gives us both a mental picture and a lllatl1ernatical i-dea of 

polarity, in terms of the dielecLric constant. In order 

to appreciate how thi sis PCCOTTi)li shed botl1 the (~uali tati ve 

and quanti te.ti ve aspect of the IJroblem -v;iill be considered. 

(a) The Quali ta ti ve nape C t 0 f the pro bl-em. 

This is best understood by developing ideas concerning 

the refractive index of a substance. In Ict)~.-63 Gladstone 

and Dale and Landol t sho'w-ed tll[1~t N-l - constant villi ch \vas 
d 

characteristic of 2 substance N =- refractive index a.nd d -

densi ty of the sUbstance. It Vias found ho\vever that the C011-

stant varied "'v-~Ti th the state of aggregation er:..d VVC;J..S not HlJpli-

cable to mixtures. In l~~O Lorenz in Copenhagen and Lorentz 
- -~-

in Dryden deduced on a sound theoreti cal basi s the well kno\'Vn 
-------.-/ 

Lorenz-Lorentz e~uation. i.e. N~- I M - (Syecific refraction 
N*+ 2 d (of a SUbstance. 

In order to fully appreciate the c\PI)lication of this equation 

the relationship of the dielectric constant to pola.rity it is 

necessary to show how the Lorenz-Lorentz equation was obtained 

To do thi s the 2.ssUt'11ption is made that the molecules are 

spherical, electrical conductors. If these molecules are 

placed in an electric field the centres of gravity of positive 

and negative electricity (present in equal alnounts) will be 

shifted from the centre of the sphere en d resul t in induced 

electrical dipoles. Such dipoles will act to reduce the 

charge on the bodi es producing the fi eld and in thi s vvay vve 

can account for the dielectric constant. The definition of 
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the dielectric constant of a molecule is the extent to 

\mich a molecule due to its induced dipoles diminishes the 

force between the charged boLies ·producing the field, rel-

Eti ve to air t~ en as uni ty. 

Clausius developed a relationship between the fraction 

of the volume of a substance occupied by the molecules to the 
c 

dielectric constant. He found that E = 1,... .2,u where E .: 
1 - ti 

dielectric constant and u ': volwne of molecules. A simple 

algebraic transposition of the previous equation gives ~here 

a gram molecule M and density d is under consideration, 

E - 1 M This (~uanti ty is called F" and represents the 
E + 2 d 
polarisability of the molecule. 

In Clerk MaJavel1 1 s electromagnetic theory of light it 

has been show"n that for infini tely lone waves the sc.:.uare of 

the refractive index is equivalent to the d~electric constant. 

Therefore if we substitute N~ for E in the ClcJusius equation 

Vie have N z_ 1 1{ .: P 0 Thi sis the Lorenz-Lorentz 
N S .,.. 2 d 

ec~uation previously referred to. For purposes of comparison 

the t\VO equations ma,y be Ylri tten dovvn. 

(1) E - 1 M 
E -I- 2 d 

(2) 

11athernatically the two eCluations must be identical if N~ :: E 

but strange enough although (2) is va.lid for all substances 

(1) is not. At first the reason was assUlned to be that the 

Ma~7ellian relationship was in error, a supposition, however, 

that proved to be incorrect. The reason for the inapplicabil

ity of equation (1) was left to the genius of Debye. 13 

To understa.nd Debye's reasoning one must reconsider the 

Clausius equation. As stated before there is a quantity U 

representing the actual space occupied by a molecule. TIle 
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equation of Van der Waal·s contains a ~uantity b also 

related to the volume of the molecules, b frora cri tical 

data - Vc • Vc represents - the cr i ti -eal volwne. b is also 
3 

f"our times the actual volwne of the molecules :- 4Po • • P -0-

• "., 
Ve. It is also known that Pc Ve - 3 . • P = 1 R Te - • 12 R Tc 8 32 pc 

wher"e R is the gas constant Tc.= the cri ti cal temperature 
( 

and pc the critical pressure". 

Evidently tvvo methods are available to ca.lculate the 

polarisability of a molecule i.e. critical data and dielec-

tric constant data. 

Debye then calculated the values of the polarisability 

from the two sets of data. He computed P for Oz H~ and NHa . 
. 

by the two methods. They ~ave the folloa/ng result: 

Gas 

Two values given 
to ShOVi 

error in results. 

Pa fronl E P "frorn c1"'1 ti cal da ta 

2.04 4.98 

4.05 

4.05 

63.0 

6.20 

7. 63 

9.52 

One thing is to be noted, that although values of P agree for 

Hydrogen and Oxygen the order of magnitude is different for 

. '~n... n Ammonl a. Ull.y'[ 

The polarisability of a compound ought to be the sum 

of the values of the constituent atoms. P for anwonia as . . 

calculated from its constituent atoms equals 5.22 CM
l
while 

for the compound itself i t comes out to be 63. 0 CM~ Finally" 

Po ought to be independent of the temperature. Vie find, that 

for anunonia it changes accordi ng to the following figures: 

Temperature 

292.2 
309.0 

p 

57.57 
55.01 



Temperature 

333.0 
387.0 
413.0 
446.0 
446.0 

51.22 
44.99 
42.51 
39.59 
39.50 

Debye had the following facts at his disposal: 
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(1) For SOTlle sUbstances Po calculated frorn dielectri c 
constant data VIas rauch lart;er than' from cri tical data. 

(2) The add.itive Poas c8,lculated frola the constituent atonls 
was mucl1 smaller thD.ll for the compound itself composed 
of the atom. 

(3) In some cases the Po was considerably -emaller at higher 
temperatures .. 

What conception would account for t:hese facts? Debye came to 

the conclusion that the only theory consistent ~ith these facts 

was to assume that in those molecules which sholiv-ed the above 

abnormal properties permanent dipoles exist, i.e. - under 

ordinary conditions some molecules have their electrical 

charges segregated. It will now be considere~'i. hOVI this con-

ception agrees with observed facts. 

(1) In the Clausius equation the aSSLITll_,_,tion was made that any 

polarity possessed by a molecule was an induced one. If, 

however, the molecule already possesses a dipole apart 

from the induced one, then the dielectric mnstant as 

measured wLll be equivalent to the induced dipole plus 

the permanent. P4 as calculated Ijvill be too large. 

(2) Arty constituent atom may have no permanent moment but-

the combination of such atoms may lead to one. This 

~ill lead to the expression sum of induced polarisability 

of atom.s equal polarisabili ty of luolecule plus permanent 

polarisability. 
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(3) The molecules will act like Ii ttle magnets and \\Till on 

the average orientate them.sel yes in a defini te fashion .. 

Increase in temperature \'iill increEtse the .random raotions 

of the molecules and the probabili ty of the dipoles 

occupying a rnean posi tion in preference to any other 

becomes less as the number of collisions ihcrease. Tl1e 

effect they exert ~ill therefore decrease ~it~ rise in 

tel!llJera ture. 

One other question might be taken up in thi s connection, 

why, for most substances, are the values of PD calculated from 

refractive index measurements nicely additive? It must be 

remernbered that these m.easurelilents are mEtde at extrelnely higl1 

frequences viz - that of light. Under these oonditions the 

pernmnent moment does not get an opporttmity to orientate 

itself the way it does when dielectric constant measurements 

are made. This is due to the fact that the oscillations 

pass through the liquid in question so rapidly that the di

poles are unaffected. 

Quanti tati ve Considerations of the Polari ty of a 1Tolecule and 

its Dielectric Constant. 

Let a free space be considereCi. under the inflUence of 

an electric field H. Upon placing :matter in this field it 

assumes some new value D. The increased nwnber of lines of 

force resulting from the action of the matter placed in the 

field nIfty be considereJ. as corning from the ty,lO ends of the 

volume. Each uni t volume then contributes -t- 4 rrp new lines 

of force •• D = :r:t 4 1T'P for anyone molecule. This con-

sideration reglly a.pplies to .continuous rnedimTI. E2~ch lLlolecule 

howev-er being surrounded by Yllany others is influenced by its 

neighbours. Wilen, therefore, the influence of the outer 
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field is co'nsidereci on any particular Inolecule the effect 

of the surrounding ones must be taken into consider'::-:Jtion. 

This effect has been called by Debye the inner field and 

is denoted by F. F: H ~ 4rrp 
3 

\."here the fraction I 
3 

may 

be considered as the effect along one axis. The average 

moment of a molecule is given 2.S rn = b .b'. 

if there are Z Inolecules in uni t Til8.SS and the densi ty 

i s d then P ::: Z d m == t.d blf • 

AS F 0:: H ..... 4" P 
3 

• • 

Now P = K H where K - electric, susceptibility of the Inolecule • 
• 

• • K = Zdb Also by definitimn D = E H where E ~ 
1- 41T Zdb 

3 
dielectric constant. 

• 
• • 

• 
• • E ::' 1.,.. 4/TK - since D = E (l.,.411K). 

E - 1 algebraically 
E - 4ff- 4 rr 

3 

- 41TO.zb 
3 

or E - I 
E.,.-2 = 4tf" dzb 

3 

If b the polarisabili ty is a constCJn t, then E - Ix 1 a con-
E +- 2 d 

stant. If, however, the value varies \Ii th telllIB l'~:.ture tllell it 

has to be assumed the polarisability varies i.e. it is a 

function of the temperature and led Debye to aSSUlTIe molecular 

di~oles. To obtain the Lorenz-Lorentz equation put N Z : E 

then M N 2, - I = 4 rr b NA i. e. NA:=. atto,gadro's Nunlber=][z 
d N~+-2 3 

It has been mentioned that P in certain cases varies with the 

temperature. Debye, therefore, attempted to find the cause 

of the variation of "b". If it be asswned that the dielec-

tric CD nstant has another origLn besides the induced dipoles 

the problem appeared capable of solution. Two types of 

action were then assumed. There is the usual separation of 

charges expressed quantitatively in the Clausius -Mosotti Law. 



-12-
In some molecules fixed dipoles also exist YJhi Cll tend to set 

themselves parallel to the field. This orientation is to 

some extent dtstroyed by thermal agitation but for any tem-

perature they will on the average assrune SOllie definite pos-

ition. Their effectiveness however will continually decrease 

\1;/i th rise in teraperature. Since the rnagni tude of the dielec-

tric constant is a function of the orientation of the dipoles 

it also will show a decrease v,-i th telnperature. 

To compute the temperature effect all that is reciuired 

is to assume the molecules possess a fixed Inolnent p. ':,The 

classical kinetic theory allovis us to asswne that the lJotenti-

al energy of these dipoles will be in e.quilibrium.·~-;ith the 

kinetic energy of the molecules. For a field F and electrical 

moment m. m:F ~ Potentia.l energy = u FUrd4- where 9 is 

the angle between m and F for any gi ven teruperature. There-

fore - ill F :: - u F CIIO-(f: The moments for all the different 

angles -&- can assume can be averaged according to their prob-

ability of aypearance. It is found on this basis that 

where K is 1.37 x 10 -I' 
T is the absolute temperature • 

.".. or ~ _ ~ for a Single molecule. 
F 3KT ,.... 

~or those molecules where)l? 0, P-
3KT 

must be added to the polari sabili t:/ as 0 btained from the 

Clausius Masotti Law. The fin~l equation then becomes 

ra -= 
u 

Po -=- 4 tr l~.q (b + A ,. ) 
3 3KT) 

Wl1ere Po is measured frorn refracti ve 

index data.,/l ;: o. 

Experimental Verification of the Theory. 

Let c 

Let a --

(b.,.l.l:d2.) 
3 3KT) 

4 rr NAb 
3 

4rrUA£ 
9 KT 



Then Po T - a.,.. c T ::. E-l 
Et2 

M 
d 
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T. 

Plotting Po T against T a straight line should be 

obtained. An example of the use of this equation in co.1-

cUlating;u- for water will be dealt with later. 

Association. I~ 

In the widest sense of the term, association embraces 

the whole of the phenomena of chernistry and physics. The 

smallest chemical unit is made up, according to our modern 

views, of association of electrons the number and arrangernent 

of which give specific properties to any given atomic speci,es. 

The Iaolecule of an elelnentary substance may vary in corn-

plexity from the simplest possible character like that of the 

rare gases to that of great cornplexi ty as we find in sulphur. 

Molecules of compounds likewise are associnted vibich may be 

split up into simple molecules under the action of certain 

forces such as heat, electrical stress and solvent action. 

Instances of raolecular association T~',ere observed qui te 

early in the developrnent of modern atomic anci. molecular 

theories. The vapour densi ty determinations 0f DUIac-lS and 

Mitscherlich coupled with Cannizarro's interpretation even-

tually proved that many gaseous molecules vvere not elementary; 

while later work was proceeding on gases Raoul t VJas concerned 

with solutions investigating the relationship of rnolecular 

weight to tre lowering of freezing point and vapour pressure. 

This led eventually to the extension of the simple gas la'~lS 

to dilute solution by Van't Hoff. Anomalies were soon ob-

served for two distinct classes of SUbstances viz. those that 

lovff3red. the freezing point to 8, greater extent than the 

calculated value and those that did the revevse. If the for-



-14-

mer case be due to dissociation the latter must be consid-

ered as resulting from associ~3,tion. 

Molecular Complexity in the Liquid State & Physical Properties 

The determination of the molecular state of rflatter other 

than the highly diluted, is attended by lllany difficulties. Al-

though in theory Avogadro 1S hypothesi s can be applied to 

gases and very dilute solutions~ tIllI methods available for 

the liquid state 111ust be classed as enlpirical. All one is 

capable of doing at the present time is to institute a com-

parison of the molecular properties of different liquids. 

Generally it is found that the molecular property of a liquid 

is additive, i.e. depends on the nature of the sUbstance. 

A large nurnber of equations have been used connecting 

the molecular Iwveight of a substance wi th some specific phys-

ieal property of a liquid. As an eX8.1uple, take Trotlton ' s 

rul e Ml - Kt y"{here M =- :flole cular wei gh t, 1 = hea t 0 f vapor-

ization T = absolute temperature and K a constant. As a resL~ 

of the application of this sirnple rule leading to lnany 

exceptions we divide liquids into two general classes - viz. 

normal and associated liquids. 

Evidence is also obtained from (a) vapour pressure data 

(b) boiling point data (c) critical data (d) dielectric 

constant. 

(a) Usually a substance non-associated is very volatile. 

The effect of molecular association is rna.de evident from Van 

de~ Waalts equation, viz log p - log Pc~ k Tc - T 
T 

where Tc and pc re]!resent critical temperature and pressure 

and T the temperature at ~,hi ch pis required. In such a case 

k is not a constant for a large nur.a.ber of liquids usually 

exceeding a value 3.06. 



-15-

(b) If the vapour pressure is diminished by an 

increased state of aggregation of the molecule 

obviously the boiling point is raised. Actually 

it has been demonstrated that the mass of the 

molecule is at least qualitatively related to its 

polling point. 

(c) The determination of the value of the 

critical co-efficient is a criterion of the con-

dition of a molecular species. Already it has 

been mentioned that pc VC 
R Tc 
'HC refraction MR equals v 12-

Therefore pc 12 MR equals 
R Tc 

or Tc equals 1 MR. 
pc k 

3/8 and also that the molecular 

3/8 

A number of normal substances have a value of k = ,.-,. 1.8 

others about 1.1. This method though valuable is 

mi:xx limited to the ease ~"Jrith which critical data can 

be obtained for a given substance. 

The simplest method probably known for determining 

in an approximatefy quantitative way the state of 

aggregation of a substance comes from the Ramsay and 

Shield's constant. This method stated briefly 
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depends on the measurement of the temperature co-

efficient of surface energy. 

d(A('!-~) 
d 

Constant 
dt 

M being the 

molecular weight A the surface tension and D the 

density. The assumption is made that the molecules 

in the surface of the liquid are ~XK representative 

of the whole body of the liquid. This assumption 

sometimes leads to absurd results. Rather it would 

be correct to say that this constant allows one to 

classify liquids under t~o general h~adings, normal 

and abnormal. 

Degree of Association and Dielectric Constant 

of a liquid Polarity. 

From the physical properties already discussed 

it is evident that there is justification in consid-

ering liquids to belong to one of two classes, i.e., 

normal or abnormal. The justification however lies 

only in experimental facts, but no reason for such 

behaviour is to be found in the constants already 

considered. The purpose of this section is to at-

tempt to show why EKXJ one should expect to find these 

two types of liquids. 
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To do this it seems in place to briefly re

view the meaning of the dielectric constant so far 

as its signiftcance in physical chemistry is con-

cerned. Briefly then the capacity of a dielectric 

liquid depends on the type of molecule with which one 

is 4oal~ng~(. ~f the electrical charges in the 

molecule are permanently segregated a polar molecule 

results. The rotation or extension and orientation 

in the presence of a field increases the capacity of 

the condenser so that polarity and dielectric constant 

are for purposes of chemistry closely related terms, 

i.e. the magnitude of the dielectric constant indicates 

the moment of the polar groups and the moment in turn 

on the charge and distance between the dipoles of the 

liquid. 

Now just as with the other physical properties, 

two classes of liquids apr ear to exist, i.e., those 

possessing low dielectric constants on the one hand 

and high on the other. Instead of calling these 

liquids normal and abnormal, they are called non-polar 

and polar because as indicated above the higher the 

dielectric constaht the more polar is the molecule. 

It can be shown that a relationship is to be expected 
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between the state of aggregation of a substance and its 

electrical properties. 

On the whole, substances which have been found to be 

strongly associated usually have high dielectric constants. 

It must be remembered however the· converse of the above 

proposition is not necessarily true. In the absence of a 

very reliable method for determining the degree of asso

ciation of any liquid, the Ramsay and Shields constant 

has been employed. A number of compounds, association 

factor and dielectri.c constant are listed below. 

Substance Association Factor Dielectric 

Forrlamide 6.2 84 

\Vater 3.8 84.4 

Formic Acid 3.6 58.0 

Ethyl Alcohol 2.7 26. 

Acetone 1.3 21.2 

Carbon Tetrachloride 1.0 2. 25 

Benzene 1.0 2.3 

Ether 1.0 4.3 

Nitrobenzene 1.0 35.5 

Constant 

The only outstanding exception in the above table is 

that of nitrobenzene. It asso~iation factor is unity and 

yet it possesses a high dielectric c·onstant. 

Generally however, the above table serves to indicate 
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a connection between the magnitude of the dielectric con-

stant and association. 

It is reasonable to conclude that polar molecules 

having strong fields of force unite to form larger ag-

gregates by mX neutralizing those of a like molecular 

species. 

A high dielectric constant is evidence that the fields 

of force around a molecule are large and tend to give rise to as~ 

sociation. 

The molecular condition of a liquid dissolved in 

polar and non-polar solvent. 

If a polar liquid is dissolved in a non-polar one, 

the polar liquid will tend to unite with itself in prefer
ence to the non-polar solvent. One may expect it to be 

associated. If the same liquid is dissolved in a polar 

solvent, the chances of the solute remaining in a simple 

molecular condition are large, because three forces almost 

equal are a~ work, i.e., those between the solvent,-

solvent, solvent-solute, and solute-solute and the pre-

dominance of anyone is limited, depending on the specific 

characters of the components. As mentioned in section I 

of this thesis, these considerations appeared to be satis-
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factory to explain the system hydrogen peroxide, ether, water. 

In summing up, the E~E conception of association a 

combination of like molecular species is an electrical 

pro~erty of the molecule due to segregated ele£trical 

charges which in turn give rise to fields of force pre-

dominant in determining the combining power of the molecule 

with itself. 

Polar i ty and Chemical Na ture / :1". 

In the preceding section the relationship between 

polarity and some physical constants has been discussed 

with special reference to the dielectric constant. In 

this case it will be shown what types of molecules from 

a purely chemical point of vie'N exhibit polarity. 

(a) The polarity of groups or radic~es 

In many cases the introduction of a certain type of 

group to a molecule introduces decided polarity to the 

molecule as a whole. A hydroxyl group attached to 

alkyl residues, giving rise to alcohol, is an excellent 

example. It is found that the siZe of the relatively 

non-polar alkyl residue decreases the magnitude of the 
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dielectric eonstant on passing from the lower to the 

higher alcohols. Thus methyl, ethyl, propyl and amyl 

alcohols have dielectric constants 32, 25, 22, and 16 

respectively, which means aXE as the size of the alkyl 

residue increases less leverage is exerted to orientate 

the molecule in a definite direction in preference to 

·any other. 

(b) The Symmetry of the molecule 

Usually the nit~o group is polar as in nitromethane 

and nitro-benzene, but in tetranitromethane such is not 

the case, the dielectric conssant being 2.1 as compared 

to 40 for nitromethane and 36 for nitro-benzene. 

In the case therefore of tetranitromethane the polar 

groups evidently balance each other due to a symmetrical 

arrangement of the groups. 

Again halogen derivatives of benzene can be taken 

as examples, i.e., Chloro, bromo, and iodo-benzene. 

In passing from chlorine to iodine, the electro positive 

character of the elements increase and it is found that 

the dielectric constants of the three compounds are 11, 

5.2 and 4.6. The introduction of an electropositive 
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element would appear to decrease the dielectric constant. 

The same is true in many instances. 

(c) Catalysis, Orientation, and addition Compounds. 

Although Baker's work on intensive drying is in 

some cases open to criticism, yet it is generally con-

ceded that small traces of water vapour do profoundly af-

fect the velocity of a chemical reaction. For this pur-

pose it may be assumed that the velocity of a reaction 

is dependent on three things, the number of collisions, 

the intensity of the impact and time the molecules re-

main in contact after collision. It appears likely the 

last condition is linked up with the influence of the 

catalyst, because the few fields of force surrounding 

the water molecule will be able to hold the colliding 

molecules long enough together to cause a union to take 

place, i.e., the water prevents an approximation to a 

perfectly elastic collision between the reacting molecules. 

This idea is further substantiated by the large number of 

hydrates known to be formed and that in general strongly 

additive properties are linked up with high polarity. 

It is not the intention to deal fully with the 

phenomenon of orientation in liquid surfaces, or liquid 
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crystals. All that is necessary to remark here, is 

that the only logical explanation of the phenomenon 

seerlS to be that where the proper physical and chemical 

conditions exist the electrical and magnetic properties 

of molecules make themselves evident. 

~~~-~~~~:~-~~~~~~~-~:-~~~~~~~-~~~-~~~~:~!~ I~ 

Debye's theory of dielectric const~nts already 

discussed makes it evident that molecules possessing 

permanent dipoles ought to exist. Dielectric constant 

determinations have confirmed this point of view and 

t:--le other physical prope~ties briefly reviewed, show 

that polar and non-polar was a logical classification. 

FDom a historical point of view the problem. is similar 

to the application of the dualistic theory of BerZelius 

to the substitution of chlorine into acetic acid. 

Two types of linkages are evidently required, one 

ionizable and due to electrostatic attraction, the 

other non-ionizable. This non-ionizable linkage may 

take one of two forr1s so that actually for convenience, 

three types of linkage are recognized. 

In general then chemical evidence points to three 

types of linkage of atoms in a molecule. 

(1) Polar linkages of Kossel. 
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(2) Non-polar linkages of Lewis. 

(3) Co-ordinate linkages of .erner. 

Kassel pointed out that any element immediately preceding 

an inert gas is strongly electronegative and one following 

strongly electropositive. We can interpret this to mean 

that electronegative elements tend to take, up electrons 

and electropositive to give up electrons in their striving 

to obtain stable configuration of a rare gas. A linkage 

then between strongly electropositive and electronegative 

elements results in a shift of electrons so that as a 

result the electrical charges are so to speak segregated. 

The extent of this segregation is indicated by the dielec

tric constant. A liquid then possessing at least one 

electro-valence will show polarity. 

Kassel's point of view is hard to realize in the 

case of like atoms forming molecules. Thus most gases 

form under ordinary conditions atomic complexes called 

molecules. The dielectric constants of many of these gases 

is very small and further we should not expect two like atoms 

to give and take electrons. Lewis made the suggestion the 

molecule is due not to shifting but rather to a simple sharing 

of the electrons each atom making use of the other to form a 

configuration si~ilar to that of a rare gas. The type of 
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molecule so obtained will be non-polar. 

There is however a second aspect to the idea of sharing. 

Normally each atom concerned shares with its neighbour, as 

described above. This sharing can also be considered due to 

one of the atoms sharing both with its neighbour. This is 

called co-ordinate co-valency. 

Due to the position of carbon in the periodic table 

it has neither pronounced electropositive or electronegative 

characteristics, i.e., it as readily gives as takes electrons. 

As a result carbon exhibits either electro valence or co-valence 

or both in a given compound. If all the groups are attached 

by sharing as in simple hydrocarbon chains then the polarity 

of such a compound may be negligible. The paraffins are an 

example. If on the other hand one group is introduced such 

as OH, NO etc., 
2 

then this group may be assumed to result 

in an actual shift (in many cases) of an electron and the 

degree of this -shift is qualitatively measured by the dielectric 

constant. This view is substantiated in the case of either 

Alkyl or aryl - monohalogen derivatives when the halogen 

ability to take up electrons decreases as we pass from the 

"I-

chlorine to KkK iodine as previously mentioned. 

A polar molecule nay now be described as follows: 

(1) The polarizability of its constituent atoms is not 

additive. 
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(2) The dielectric constant decreases with the 

temperature. 

(3) At least one group must have an electrovalence 

linkage. 

(4) It leads to a complex state of aggregation. 
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Experimental Method for the Measurement of ~ielectric 

0onstants. 

Historical. 

Probably the earliest method of investigation 

was that employed by Faraday. He used two condensers 

of equal dimensions. In one the medium was air and in 

the other the substance whose dielectric constant was 

to be measured. The diagram and a brief explanation 

will make the method clear. 

A and B are two condensers of capacities. c,and 02; D 

is a convenient battery, K a quadrant electrometer, 

It will be noted one pair of quadrants, 

one terminal of the battery and one plate of each condenser 

a~. earthed at G. If ~ denote the charge on A alone 

= C. v. 
I I 

in the second case Q ~ (C, plus C2) 

If d,and d2 are the electrometer deflections then ~ ~ _d __ 2 __ _ 

C2 d,-d2 

This ratio will measure the dielectric of the sUbstance. 

In dealing with liquids Hopkinson used a sliding 

cylindrical conqenser whose capacity for various settings 

was accurately kno.n. Instead of using two condensers and 

different deflections, the condenser was adjusted for air, 

then the liquid introduced and value of the capacity altered 
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to give the same deflection as previously. The ratio 

of the capacities for the same deflection gave E. 

Silow's method consisted in keeping the potentials 
'7 ; 

constant and measuring the actual force ir. dJne~ between 

two con~~tQrs first in air and then in the liquid in 

question. A quadrant electrometer was used as in the 

above to measure potential. 

Ar.ons and Cohn modified Silow's method by substituting 
'7 

an altert~ning current for the direct. They were able to 

measure any liquid including water quite satisfactorily. 

Among the more modern methods may be included that 

of Nernst which represents the best known capacity method. 
" 

The capacity of a cell both with air and the dielectric 

is balanced in one arm of a vVheatstone bridge, against a 

known capacity in the other arm. The source of electrical 
an 

energy iSjDscillator very similar to that used in conduc-

tivity methods. In order to obviate errors due to slight 
~ 

conductance of the medium the standard condenser is 

shunted by a variable resistance whose value is made the 

same as the liquid. The cell used is of a simple two 

plate variety and usually standardized by some subst~nce 

whose value is accurately known. 

Drudels method has been extensively used and merits 

" 
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consideration. Use is ~de of standing waves from a 

~Tesla coil in a pair of parallel conductors. The included 

diagram will help to make the idea more intelligible. 

Suppose the wire bridges E F to be a node and second 

wire bridge G H to be moved along the wires until it 
, 

occupies the position of the next ,node . A Geissler tube 

conveniently connected 'sill indicate the position. The 

distance between the two bridges is one half wave-length 

so that the wave length in air is found. If a liquid 

now surrounds the wires, the wave length can also be 

determined. The XKX~E£ refractive index N equals WI 
W2 

where Vv, and V/2 are the wave lengths in air and the 
(Wl)2 

liquid. since N2 equals E E equals ~~~~~ 
(·2)' 

The resonance method for the measurement of capacity. 

This represents another example of the use of the 

capacity method. If one has a means of comparing the 

capacity of a condenser having some substance between 

its plates with its capacity when air is used as a 

dielectric, the constant can readily be calculated. 

The method of measurement is best understood 

through the following consideration and diagram. If 

the condenser AB charged to a potential by means of a 

battery is allowed to discharge through a coil L 
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electrons from the negatively charged plate A flow 

through the coil L to the plate B. The current of electrons 

does not stop flowing when A and B have reached the con-

dition of equal potential, for when the stream of electrons 

begins to s:atow up as a result of falling potential diff-er-

ence between A and B the electromagnetic field generated 

in L tends to keep it in motion, and as a consequence plate 

A continues to lose electrons and becomes positively 

charged and B assumes a negative one. Discharge then oc-

curs in the opposite direction so that the electrons swing 

back and forth through the circuit from plate to plate 

very much like a moving pendulum, until the electrical 

energy is dissipated as heat in overcoming the resistance 

in the circuit. The frequency of this oscillation depends 

upon the capacity of the condenser and the inductance or 

number of turns on the coil L as shown by the equation. 

q .::. frequency. 1, =- Inductance C :: capacity. 

This equation is valid if the resistance of the circuit is 

small. 

In the resonance method a vacuum tube supplies the energy 

to keep the circuit continually producing electromagnetic 

waves of a frequency depending on the above named factors. 
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Obviously if one of the factors governing the period 

of oscillation be fixed then N will be directly propor-

tional to the variable one. In this case the Inductance 

has a fixed value and any change in frequency is determined 

by the capacity in the circuit. 

Suppose now two such oscillations as described above 

with the same inductances produce simultaneously electro-

magnetic waves. If the capacity in one be C, the other 

~, then l'r"equals ~ 
C1 

If 1'J differs from N2 by a small amount, Cl and C2 also differ 

to the same degree, and ultimately if eland C
2 

are made 

equal N, and N2 are equal. 

For purposes of explanation as to what happens under 

these conditions an analogy in acoustics may be used. Take 

two -tuning forks which will vibrate at 256 per second and 

load one of them with a small amount of sealing wax, thereby 

altering slightly the frequency of one from its normal value. 

upon setting these two forks vibrating, beats are heard and 

the number per second indicates how much difference in fre-

quency exists between the two. 

If Nl differs from N2 by a small amount, the two 

electromagnetic waves will also produce beats, but they 
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of course have to be detected by a pair of telephones. 

An approximation to complete res'onance results Vllhen the 

frequency of the beats is too low to be heard. If 

instead of using even a variable condenser in one 

oscillator, both the inductance and capacity be fixed, 

then the relative capacity at the null point in the other 

oscillator can be accurately determined. 

The apparatus used can be considered as made up of a 

oscillator 
fixed BXxXiixxXEX or receiver and a variable oscillator 

In the circuit of the latter, in par.alle1 with a 

tuning condenser a cell is connected for the determination 

of the dielectric constants of various liquids. In use 

the variable oscillator is brought to resonance - the 

capacity reading is C, the cell is connected~ the capacity 

reading is C2 for resonance. Therefore Cl - C2 equals xx 

capacity of the cell. Having given a general survey, the 

details of the oscillators and the method of measurement 

'Nill be dealt wi the 

Two Hartley oscillators were employed because of the 

steadiness of operation and simplicity of construction. 

A wiring diagram of the oscillators is included. The 

inductances consisted of 75 turn honeycomb coils. A tap 

taken off at 50 turns was connected to 

the filament lead. Each of these inductances were shunted 
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Wiring diagram of oscillators used in resonance 
method for dielectric constant measurements. 
A. Variable oscillator 
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J. Series condenser to reduce effects of conductivity 
E. Tuning condenser 
c. Honey Comb coil 
H. Vacuum Tube - Radiotron ~~7 A 
F. Choke Coil 

B. ,Fixed Oscillator 
D. Honey Comb coils 
G. Phones 
L. U V 199 Radiotron 
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by a variable air condenser. In the case of the 

variable dscillator, the condenser was a General Radio 

type used in wavemeters. In order to increase the ac

curacy of the readings, a mirror was mounted vertically 

at the centre of the dial, so that the dial setting of 

the condenser could be read by reflected light on a 

circular scale about 4 feet in diameter, the scale .being 

graduated in millimeters. This type of condenser was 

supplied with a Vernaercontrol. The small composition 

knob of it was removed and a 1" pulley substituted. By 

means of a cord belt and another pulley 5 feet distant, 

it was possible to tune the condenser without being 

sufficiently close to introduce body capacity effects. 

In the plate circuit a choke coil was inserted 

to act as an impedance. It consisted of a bundle of 

iron wires with a large number of turns of No.3'4 silk 

covered wire. This served to prevent the passage of the 

radio frequency currents through the plate circuit. 

The fixe~ oscillator inductance was shunted with a 

variable condenser whose capacity could be varied to 

suit the measurement but it was always fixed at a defi

nite value for anyone measurement. The telephones 

used to indicate resonance occupy the same position as 
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the choke coil in the other oscillator and has an:' 

impedance of about 2000 ohms. 

As to the vacuum tubes employed the 2l7A Badlotron 

was found excellent for the circuit in which the cell 

was connected. In this circuit the oscillations have 

to be forced through substances which show a tendency 

to absorb and also conduct. If the osc:tllations are 

to be intense and steady, considerable power is required. 

The 217A tube works satisfactorily at from 90-135 volts" 

on the plate and 6 volts on the plate filament. Even 

however with certain substances like water, it was 

found best to place a capacity in series with the variable 

condenser. Just exactly how such a condenser functions 

it is difficult to say with certainty, but at any rate 

it allows an accurate measurement to be made on sub-
5 

stances whose specific conductivity reach a value of 10- _ 

In the fixed oscillator or receiver a\l.V.~Radi.o<trlOn 

was successfully used. This requires only a very small 

filament curpent and 45 volts on the plate. The success 

of the method was found to depend very largely on the 

proper construction of a cell. The ordinary type of two 

fixed plates has disadvantages, one of the most important 

being the "capacity lead effects". The cell to be des-

cribed was constructed on the principle of a variable 
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condenser and could be immersed ~n the liquid, the 

container of the liquid, acting as a support for the 

cell. 

The Cell 

According to the description already given, it 

would not seem possible to bring the receiver in 

resonance by means of the tuning condenser, note the 

reading, connect in the cell and again take the read-

ing. The difference between these values giving the 

capacity of the cell - The leads however connecting 

the cell to the condenser have capacity and these 

must be corrected for. Rather than attempt to make 
I 

this correction the lead capacity was eliminated. 
,; 

The cellt consisted of two sets of semi-circular plates. 

One set are fixed and are called the stator plates, 

and are bolted by means of brass rods to an insulating 

frame of hard rubber. The other set known as the 

rotor, are fitted to a brass axle, the position of the 

axle being so adjusted that they will mesh with the 

stator plates without touching them. In order to en-

sure. relatively the same position for the two sets 

of ~~ plates, the axle supporting the rotor ones passes 

through two bearings, one through the insulating frame, 
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the other a short distance above the plates. The 

latter was attached to, but insulated from the brass 

rods, as indicated on the diagram. A Vernier dial 

was fixed to the brass axle. This dial owing to its 

peculiar construction was capable of rightly fixing 

the vertical position of the rotor plates and at the 

same time provided a mean8--:, of setting the plates at 

a definite capacity value. The liquid to be measured 

was placed in a container and the plates of the cell 

iw-mersed in it; a lid fastened to the insulating frame 

held it in position. 

This type of cell removed any capacity lead ef-

fect. Ih actual use, it VIas permanently connected 

in the circuit and set at a definite value as indicated 

by the dial reading. ~uning of the variable condenser 

brought the receiver to resonance and the reading was 

noted. 

Operation of Oscillators 

In operation, the oscillators are started by 

lighting the Rim filaments of the vacuum tubes. The 

condenser of ~ is set at an appropriate value. 

Radio frequency oscillations are then picked up by 

tuning the variable condenser in oscillator l! and 
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the beat n otes heard in the telephones . The whist le 

• 
f ~rst heard is represented diagranatically by the 

following insert:-

W 
t
O 
Z 

1J..... 
o 
:I: 
U 
t-
o.... NON AUDIBLE 

RANGE 

CONDENSER, - SETTIN"G 

The pitch of the note is plotted as co-ordinates 

the condenser sitting as abscissae - A point is 

reached wh~n the note is of too low a frequency to 

be audible . On either side of A the pitch gradually 

increases in equal intensity to a condition where it 
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is too high to be audible. A condition of resonance 

is reached at A. 

This condition of resonance can be almost exactly 

realized if the following factors are taken into ac

count:-

(1) The fixed oscillator oscillates at one fre

quency only, during a measurement. 

(2) The receiver is sufficiently well constructed 

to give sharp tuning. Each of these points may now be 

considered in detail. In the f~rst case, vibration 

must be negligible so that the wiring and coils will 

not alter their relative positions. ~ave lengths which 

are either multiples or sub-multiples of the natural 

period of oscillation are called harMonies and must be 

avoided especially if one at least of the harmonies 

has a comparable intensity to the fundamental wave. 

Body capacity effects must be eliminated by operating 

the tuning at a distance of three or four feet from 

the oscillator. 

In the second case the most important factor is 

the use of well made apparatus. Poor insulation is 

the source of most of the trouble to be encountered 
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in this connection. 

Calculation of the Dielectric Constant 

For purposes of ar~ument, it may be assumed 

that the capacity of the variable condenser is equal 

to the area of the rotor which is meshed with the 

stator plus some constant related to the end effect 

in the condenser. If the dielectric is air then for 

two ~i~. 
" 

C, _ 11/ r ~ 

c/ -:. ~I + ~ 

c '- C = 
I I 

I 
R,-~ 

If the dielectric has a value E, then 

/,' - (!. 
c-% 2- = 

c;- C~ 

C'- CI' 
I 

The principle is made clear in the following way: 
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CALCULATION OF DI:ELECTRIC CONSTANT 

A8·8Um.~ the ~ial setting is 20 ana. at resonance, th~ 

variable condenser reads 60. The cell is now adjusted to a 

dial reading of 60 and the \';'unc.e:-",ser reading 30 for' resonance. 

A change of capaci ty of 40 uni ts of t'he cell corresponds 

to 30 units of the condenser. If the sUbstance in question 

was air, then the relative capacity between setting 20 and 60 

of the cell equals )0 units. Upon the substitution of some other 

substance the relative capacity between 20 and 60 becomas ~o 

units. For sake of clarity this can be summed up in the fvllowing 

manner; 

AIR: Cell Setting Condenser Setting 

20 units 60 units 

60 • 30 .. 

SUBSTANCE: 
X 20 " 70 .. 

60 .. 10 It 

Relative capacity for X - 60 

• " air - 30 

. • Capacity of X - 2 

Capacity of air 

It has already been shown that G - EA 

for air C - K for a simple condenser 

tor X C EK II .. -
ex - E - dielectric constant -• • CA 
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The a.ove explanation makes it evident that the 

capacity of ~1 th~r the cell or thE. t 11ning condenser need not 

be known i~ absolute units. 

THE RELATIONSHIP BETWEEN DIAL SETTING AND CAPACITY 

OF A VARIABLE CONDEBSER. 

Before the above method for the measure~ent of di-

electric constants can be used, it must be shown that a linear 

relationship exists between the above quantities. In parallel 

with the tuning condenser a General Radio trecision Condenser 

type 222 Serial #44 was connected. The ~vllowir~ readings 

were obtained. 

Capacity in Mtd Dial Setting 

Precision Condenser Variable Condenser 

289 20 

270 30 

259 40 

24-6 50 
~~~ 
'4'; 60 

220 70 

183 100 

Upon plotting these values as the included graph shows, 

a linear relationship exists i>~t;-.een·-··30o· and~; i30o .A 

condenser should therefore only be used between these 

limits. As will subsequently be shown, the same applies 

to the measu~ements cc~cerned with the dielectric cell 
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itself. 

A study of any physical chemical table indicates that 

the dielectric constant of various substances varies from 

about unity to one hundred. It is not always practical to 

directly compare the substance in 'question to that of 2ir. The 

reason for this is that either the accuracy in determining air 

or the substance would have to be sacrificed. Suppose it is 

desired to measure the dielectric constant of water. The 

literature gives a value of about 80, using the simple formula, 

the capacity of the air condenser woulu be /7 ,for water, 
~ff7L 

1011 I.e • - _~ '. the capacl ty of the same condenser.., 
H 7J7.t. 

With water as a dielectric would be 80 times that when 

air was present. If a large enough condenser were used to give 

an accurate value for air, the capacity of the aame cell 

wi th wa tar wO"l~d bt; t",c .Large to measure. 

It was assumed from other experimental data that the 

dielectric constant of Hydrogen peroxide would be, in all, 

pro~ably of the same order of magnitude as water, and that 

it (water) would be a convenient standard to use provided 

its value was accurately known. A glance through the literature 

indicated that such was not the case and that are-determination 

of the value was essential. 

THE MEASUREMENT OF THE DIELECTRIC CONSTANT OF WATER 

AND ITS CHANGE WITH TEMPERATURE. 

In order to avoic. the difficulty of obtaining an accurate 
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value tor either the capacity of the condenser in air 

or water, as previously stated - la step by step" inethod 

was adopted. Th~ flexibility in design of the c~ll 

allowed this to be accomplished readily. The stator 

plates were held together by means,of nuts and were 

separated by means of washers. The capacity of such 

a condenser could be conveniently altered in one or 

both of two ways. Either the statvr or rotot plates 

could be soparat~d further apart, i.e. by a thickness 

of more than one washer, or the number of stator plates 

and rotor plates could be increased or decreas~~ in 

number. i.e. a 3,5.7.9, etc. plate condenser 

could readily be constructed. It the dielectruc 

constant were small i.e. 2-10, a 7 or 9 plate condenser 

~~uld ~£ ~vrvenlently used and the number of plates 

coulti be reduced to 3, according to the magnitude of 

the dielectric constant. 

The tollowi OS scheme was ther, employed: 

A 9 plate condenser of the dimensions used made 

possible an accurate determination of chlorbenzene 

relative to air. A 5 plate was successful in comparing 

cllorbenzene tOR nitrobenzene while 3 plates served 
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The ·Step-by-Sjep · method fO.r the measurement of the 
dielectric ClJnst~t<. i~ illustrated by the above curves. 
The ratio of the Slope I air = E for C6H Cl 

Slope III C6HSCl 5 
ratio of the slope 111 C6HSC1 = . E for C6HS N02 

. . . . 1 V C6HSN02 . 

V is used to compare C6H5 N02 with water 



-44-

to give the ratio between nitrobenzene anJ water. 

The vernier dial used on the cell was accurately 

divided into 100 divisions which corresponded to 

180°. Instead of merely taking a readi~~ at 20 

and moving up to say 80, resonance points were 

obtained, for 20, 30, 40, 50, 60, 70 and 80 

or whatever settings were most convenient. 

The values for these settings are given in Table 

Table No.1. 

Temp. 2.506. 

Air 9 Plate Condenser 

Cell Setting Readings Cell Setting 

20 5·90 20 

30 6.80 ao 

40 7·70 40 

.50 8.60 .50 

69 9·50 61 

70 10.40 70 

80 11·30 80 

9 plate conden
ser 

Readings 

11·50 

16·30 

21.60 

26.80 

31·eO 

36.60 

41.30 
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C6 H.5 CL .5 Plate Condenser 

20 5·20 

30 9·80 

40 10.,0 

50 12.8u 

60 'l~ .... ·30 

70 17·9° 

80 20.4.5 

Nitro Ben2Eine 3 plate condenser 

20 3·10 

30 7·50 

l!-o 612.10 

50 16·70 

t\) '"': I,'"' ..;.~.~v 

7J 26.30 

80 30·70 

Water 3 plate condenser °c o . 

20 7-30 

2.5 12.80 

30 18.60 

3.5 20.,0 

40 30.20 

45 35·20 
50 41·70 

55 47·10 

.... ··6 H }OTO ".' 54 '4 2 

20 

2.5 

30 

35 

40 

Water 

20 

25 

30 

35 

1+0 

·45 

50 

5.5 

W8.ter 3 

20 

25 

30 

35 
40 
45 
50 
55 

5 Fleta ~Jndenser 

'" 25 J. l--

19·.50 

27,70 

35·.50 

43·15 

3 plate condenser 

11 . .50 

16.55 

21·35 

26·40 

3..l·w 

36·50 

42.00 

46·90 

plate cvndenser .50° 

4.30 

8.90 

13 ·45 
18.00 

22.60 

27·20 

31.80 

36.80 
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#1 continued. 

WATER 3 plate Condenser -75 .. °' 
20 6·30 

25 10·50 

30 14·45 

3.5 18.80 

40 23·00 

Curves 1 and 2 represent the relative capacity of 

air and chlorbenzene using a 9 plate condenser; 3 and 4 

that of chlo·rbenzene and n1 trobenzene, tor a .5 plate 

condenser; .5 and 6 nitrobenzene and water with a 3 plate 

condenser. The values of the dielectric constants can 

easily be computed tor each set as in every case the 

value is inversely proportional to the slope pi the 

line obtained by plotting the setting of the condenser 

against capacity_ 

Dielectric Constant of Chlorbenzene ~ Slope air 
Slope Chlorbenzene 

= 5·61 - = E 

For Nitrobenzene E = Slope Chlorbenzene x 5.61 
Slope nitrobenzene 

- 3.5·20 
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Slope Nitrobenzen~ . 33.20 
Slope Water 

- 75·40 

The above values are given for 25°C. 

In order to check the constant for water, the value was 
determined in another way. With a 5 plate condenser a 

comparison was made between air and ether, with a 3 plate 

between ether and water. The values are given below. 

Table #2 

Ce.l Setting Readings Cell Setting Reaaings 

Temp- 2.5 0 6 Air Ether. 

20 8.44- 20 8·34 

30 9 ,." ~~ "'2 t..'\ 
• o...rw .,;\wI . .._..., 

40 10·58 40 17·36 

50 11·76 .50 22·38 

60 12·92 60 27 .. 02 

70 14·10 70 31.64 

80 15·26 80 36.12 

90 16·40 

E for Ether at 25° = 2.17 
-:s4o x 1 == 4·02 
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Ether water 

20 11.40 39 

30 12.14 30 12.43 

40 12,,60 40 21·78 

.50 13 .~Q .Vv 50 30·.53 

60 13·.56 60 39·33 

70 14-.0.$ 70 48.50 

80 14·5.5 

90 ' 5 f'I" ...... '-

"C" for Water at ~.50 ~ ~ t ?r; .... 
4.02 = 

.:.:..-.-...,; 
75·5 .280 x 

A direct comparison was also mad~ ~~tween air and 

benzene, air and ether. The dielectric constant of 

benzene was 2.28, that of ether 4.02 - at 25°c 

THE TEMPERATURE COEFFICIENT OF ~.7ATER 

The value for Water ~t 2SoC has been est3blished as 75.40. 

It was interesting to see in this case what effect, temperature 

had on the dielectric constant. Using the 3 pJ..f.te condenser which 

gave the value for we-ter at 25 vC, the others were obtained at 

OOc, l~oC SOoC and 75°C. All that was necessary was to 

bring the water tu the required temperature and not.~ the change 

in capacity for various dial settings at resonance. In the 

same way as before. (See Table I ). 
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·E. for water at OoC - Slope at 25° 
Slope at 00 

Curve No.1. 

x 75 -1;. 

E. t'Jr Wat~r B.t 50° = sto.pe at 25° 
~., - - a+ C' - 0 

x 7.5.4 - 69·0 

Curve No.8. 

E for water at 1.5° -

CUrve No-S-

,~ -~lJ~ "-"'v 

Slope at 2,5° 
f' lope at 75 0 x 7t:. .4 ,,. 

The curve showing~e relationship between dielectric 

84·.4 

constant and temperature is given. The measurements in Table 111 

are included as checks on water at OoC, an~ ~~ cbtain th~ 

value at l.5°C. 

Wa ter Tempera +J'l:'';;' 'l;::V 
< 

Cell Setting Readings 

20 7·80 

25 12.15 (Slope - 1.063 

30 16·95 

35 21.80 

40 26.60 

4~ 31.20 

'Is. t t:r Temperature oOe 

20 10.90 

2.5 1.6.10 

30 21·50 Slope .946 -
35 27-00 
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40 32.20 

45 37·20 

Dielectric o 
Constant Water at 0 ~ 

Cell Setting 

20 

30 

50 

60 

80 

20 

1'0 
~-

50 

TABLE #; 

Reac.ings 

5·40 

12.05 Slope 1.475 

1;.00 

25·9C 

32. 7': 

46.05 

8.60 

23·00 

30.00 

37·°5 
l~. cC' 
r'""! ...... ,r ...., ...... , ' ..... 

-- 84·7 
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T~~RATURE OoC 

20 12.80 

30 20.6(' 

40 28.10 Slope - 1·325 

50 3.5·40 

60 42.80 

70 .50.20 

Taking the dielectric constant of water at 25°C - 75.4 -

Then its value at 15° l.t~ x 75.~ z 78·5 
1. S 

at 0° ~ 1.475 x 75.4 = 83·5 
1·335 

A comparison with the values octained by other lnvsstigations 

is given below: 

Substance TeuJp °c E by E from WaYe Length 
Res onance Landol,-(r 
Method Bornst~j-n 

Tables 

---------------------------------------------------
Benzene 

• 
• 

Ether 

.. 

25 

18 

19 

25 

25 

18 

o 

2.28 

Infinite 

73 em 

2.273 

Ether 

4·02 

4·368 Infinite 

4.68 Infinite 

Autho-.~ 

Turner 

Drude 

!sAIlardi 

Turner 

Abegg 
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(Cont,inued) 

Substance Temp. 0 0 E.by E. t~om 
Resonance Landott-Born- Wave Length Author 
Method stein 

Tables 

~JihlPirb~.p~~ne· 

~lorben-
~ ;. . . . 

zane. 2.5 .5.60 

25 .5 .628 600 metres Smythe 

10.8 lq·95 Infinite Veley 

Nitrobenzene 
NItro-
benzene 2.5 35·20 

0° 41.0 Infinite Abegg 

15° 37·8 Infinite • 
170 34.0 73 em Drude 

3do 35·1 Infinite Abegs 

24·5 34-5 .ayder 

water 

250 75.4 

~8° 77·2 81.1 Intinlte Turner 

170 77·6 81. 50 em. Ru~op 

0 84.4 88.2 75 em Drude 

76 Infinite Cohn &: AI" ons 

80 • Smale 



-5 3.-

Five of Niven's values are compared to the values 
20 

obtained by tbe resonance method. 

Temp. 

0° 

70 

33° 

5ao 

83° 

Niven's 
Values 

9°·36 

80.06 

69·31 

59·5 

37·97 

Temp_ 

oOe 

150c 

2.5oc 
0 

50 C 

75°c 

Discussion ot Results 

E. by resonance 
method 

84.4 
78.5 -

75·4-

69·0 

62·9 -

In discussing the results it might be pointed out that 

the wave length 18 IQpald.lJed infinite it greater t.han ld+ em. 

In all cases where the waYe length 1s expressed in em. the 

method ot standing waves haa been employed. 

The dielectri4: co~fjDnts tor benzene show no discrepancy 

beyond that to be expected i.e. 1%. Since Smythe has found no 
2/ 

change in the dielectric constant wIth the temperature, the 

values as given are therefore comparable. That or I S~ids:a;~27'3 
22. 

18 often taken as a standard in place ot air so that the 

value ot 2.28 1s probably accurate to 1/2 of l~. 

The asreement i& not 80 perfect in the case ot ether. It, 

however, one assumes the values ot Turner and Abesg to be 

approximately correct, then on allowing for a temperature 

coefficient tbe yalue at 250 would be 4.25. 
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In the case ot chlorbenzene the constant ot 10.95 given 

by Veley is in error. Smyth.fs value at the same temperature 

is 1n good agreement. 

For Ni trp·beOZf)il.tt; all that need be remarked is that 

since a direct comparison was made with chlorbenz_ne (the 

accuracy ot.hlch is fairly well established trom Smythe's 

work), the value 35.2 may be considered correct. 

As to water, it is to be noted that the resonance method 

values are somewhat lower on the average. However, the temper

ature coetficient 1s so important 1n water that in the case 

ot the latter two values obtained by Cohn & Arons and Smale they 

are valueless tor purposes ot comparison. 

Ni.en'. reaulta tor water check reasonably well tor 

temperature up to 25° - above this the- ci1LYi.ati.cn is large. AS 

the values aboye 250 do not tall reasonably well on a smooth 

curve, it was concluded they wer~ inaccurate. The included 

temperature curve appears to tall otf rather rapidly below 

250C but is 1J.inEtar ~bove this temperature. When this was 

first obtained some doubt was telt as to its accuracy. Upon 

checking the values no difficulty was experienced in repeating 

tbe values above room temperature, but considerably below. 

After a number ot determinations the curve as given was chosen 

as correct. See Table No.3. 

At hiah temperatures fur water it was otten noticed 

the beat note was weak. Thia can only be attributed to the 

h1sher conductivity ot the wat'r probably to be connected 
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with its increased dissociation. In this connection it is 

worth noting that a pure tin container was tound most satistactory. 

One other question might be considered here - the ettect of 

trequency on the value ot the constant. It appears logical to 

presume that if the wave length were considerably shortened, a 

decrease in the order ot magnitude ot the constant is to be 

anticipated. This point of view does not appear to be 

substantiated trom a consideration of preceding table. It Is 

hoped however that the resonance method used over a wide band 

of .av~ length will show changes in the value. In the measurements 

referred to above, the wave length was about 200 metres. 

The DIELECTRIC CONSTANT OF HYDROGEN PEROXIDE. 

When ~hc measurement of the dielectric constant ot 

hydrogen peroxide was attem~·ed, two difficulties were met 

with - lase ot decomposition and conduction. The first of 

these was overcome after considerable amount of experimenting 

by constructing a cell (similar to the one described previously) 

from block tin. The second was found to be due to traces 

ot the inhibitor which sUbsequent purification did not 

completely remove. The method tor its removal was tully 

discussed in Section 1 and will not be repeated here. It is 

sufficient to say that where the specific conductivity 

is greater than 10-5 accurate results are not obtainable. 

In carrying out tee determinations the values tor peroxide 
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were referred to water as a standard at mOe This 

temperature was chosen because the tendency towards decomposition 

is then minimized. For the same reason it was found advisable 

to make only two cell settings viz. at 20 and 80, making 

possible a rapid determination of the va~ue. It the measurement 

was not carried quickly, it was found that tiny bubbles formed 

on the plates atter a period ot about 5 minutes. 

First ot all. the cell was calibrated with water i.e. 

the relative capacity for water between 20 and 80 known. The 

same was then determined tor the various aqueous solutions 

ot peroxide and the dielectric constant calculated in the 

following manner. 

Relative Capacity H202 Soln x 84.4 = E. tor H202 Soln -

Relative capacity water. 

CAPACITY VALUES FOR HYDROGEN PEROXIDE AND ITS 

AQUEOUS SOLUTIONS RELATIVE TO WATER. 

Temp_ (l°C 

% H202 
99·lis Cell Setting Relative 

80-20 33·20 
• 33·80 
• 33·3° 
I 33·20 
" 33·3° • 33·50 
• 33·10 
• 33·30 
• ~~.~O 

Mean 33·28 

--,.,....,-

Capacity water Values 
31·30' 
31·50 
31·40 
31·70 
31.60 
31·50 

31·50 
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\ tJ, H202 Cell Setti~ Bel.CaE,acitl water Values 
(2) 98.87 34 .. 85 32.10 

34·70 32.05 

34·65 32·30 

34.65 32.10 

32.10 

Mean 34·71 32.11 
---~ ...... .., _4It __ ~~ .. ~ 

(3) 81.21 
34·85 

38.50 

38.60 

38·75 

38.80 

3a.90 

Jlean 38,67 32.11 ---_ ... ... ........ 

(4) 
41·50 63·80 

4l.4D 
41·30 

41·35 
Mean 41·39 32.11 



(~) 
~H202 

.5Jf.~~3 

(6) 43.25 

(8) 32.0 

Cell Setting 

89-20 

Mean 

60-20 

Mean 

60-20 

Mean 

Mean 
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Relative Capacity 
Temp. oog 

43·20 

43.25 

43·35 

43·20 

4.3·20 

43·24 
.... ----
31.20. 

31.0 

31.1 

30.8 

31·1 

31 ., . 

31.0 --_ .. -
31.80 

31.80 

31.80 

31.80 .. -.... -~ 

31·7° 

31·70 

31.50 

31·3° 

31·50 
31·54 

water Values 

31·7° 

31 .60 

31·90 

3l.80 

3~·60 

31.70 

31 .71 

22.20 

22~40 

22.4.0 

22.20 

22.20 

22·32 
-~- ........ 

22. "in 

22·32 ... _ ... - .... _ .. 

22·32 
22·32 
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% ri202 Cell Settipg Relative Capacitz ...... ~--~ -- .. Water Values 

Temp- o.C?q 

9) 25·8 30·70 

30·70 

30.69 22.32 

Jlean 30.67 22·32 ------ --.- .... ~~ 
;10) 20.80 60.20 30.00 ~.¥ 

29·10 

30.30 22·32. 

Mean 30.00 22·32 
....... _- --- ........ 

lll) 14.00 80-20 43·40 33·80 

43.00 33·7° 

43·7° 33-10 

43-50 33·60 

43.5p. 33 •. ;69 

Mean 43.42 33·62 -.. -~ .. .. .. -.. ~ 

(12) 6·9 80-20 37·70 

31·20 

37.40 l3.62. 

Mean 31·40 33·62 



~ H202 

99·45 

98.81 

81.27 

63·80 

50.23 

43·25 

32.0 

2.5.80 

20.80 

14.20 
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CALCULATION OF THE DIELECTRIC CONSTANTS 

33.28 x 84-4 ~ 89.2 -
31·50 

,4.7! x ~.4 = 91.2 
32.11 

38.67 x 84.4 = 101.6 -
32.11 

41.39 x 84·4 = 10~.8-
32.11 

43.24 x 84.4 ~ 115.0 -
31·71 

,3:l.0 x 84.4 = 116.2 -
3£.32 

31.80 x 84.4 = 121.1 -
22·32 

'1~54 x 84.4 = 119.0 -
22·32 

,0.67 x 84.4 = 116.0 -
22·32 

30.00 x 84·4 - 113.5 
22·32 

43.42 x a~.4= 108·5 
~ 

37.40 x 84·4 = 94.0 
33.62 

The relationship between percent hydrogen peroxide 

and dielectric constant is shown 1n the included curve. 

DISCUSSION OF RESULTS 

The tact that the curve passes through a maximum was 



• 

/~ 

<:> 

-/ 
/ 

/ 

10 4 C 6 0 70 aD YO l' ]{ 't1JfcCG£N P£ff. CXiDE 

The dielectr i c constants of _-,-ydrogen peroxide and i ts aqueous 

solutions . 

60A 

I 



hardly ~o be expected. It migh~ have been anticipated had the 

Solvent been one ot low polarity, such as ether. Under the 

circumstances the accuracy ot the experimental results 

might be doubted. That the method itself is applicable is 

evidenced from the res_lts already given tor water and some 

organic liquids. It the apparatus was actually giving 

misleading results the error must exist either in the cell. 

or impurities in the pero41de must be masking the true 

values. 

The peroxide however was obtained trom that used in 

the determination ot the 99.45 and 99.8~ values. This 
three times was diluted 

peroxide which had ween crystalize~.ith distilled water 

whose conductivity was low enough to prevent any error. In 

the next section its value w111 be given. Further, the 

water used tor dilution was the same as that for the 

cell calibration. 

An investigation as to the probability ot the cell 

giving misleading results was also instituted. Observation 

showed that a very slight decomposition occurred. This gave 

rise to a thin tilm ot bubbles on the tin plates ot the 

condenser. analytically the amount ot decomposition 

over a period ot two hours could not be detected. It 

this were the cause ot abnormalities the value would 

be lowered, not raised. The tollowins experiment will 

prove thia. The three values tor 20.8% H202 have 
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already been giyen. The measurements were made in about 

tive minutes. The solution was allowed to stand two hours 

in the cell and another reading taken. Bubbles of oxygen 

were distinctly evident on the plates. The readings are given 

below: 

Cell S.~tlag 

60-20 

Relative Capacity 

30.00 ) Time Interval 
) 

29·7° ) about five minutes 
) 

30·30 ) 

26·40 after two hours. 

Other instances ot the same phenomenon were observed. 

The possibility ot a thin layer ~t tin oxide on the condenser 

plates was also investigated. Readings tor wat.r were taken 

betore and atter they had been cleaned with tine emery paper. 

The results obtained were: 

Cell Setting 

60-20 

Relative Capacity 

22.20 before cleaning 

• atter • 
CALIBRATION OF CELL 

It is also to be noted the capacity values tor 

water changed quite noticeably. For #1 the calibration .alue 

tor water is given as 31.50 tor the 20-80 setting. 

For 2,3, and 4, 32.11 was considered most correct, which 

amounts to a variation ot 2%. For IS the value re-determined 

was 31.7. AS the capacity values for 6, 7 and 8, 9 and 10 



were large - a range of 20-60 was used - 22.32 was taken as correct 

throughout these measurements. Upon determining water tor the 

l~ and 7% solutions 33.62 proved correct. Tbe reason tor this 

is that the cell being constructed ot e. soft, metal like 

tin may at various times have been sutticiently bent or 

twisted to account tor these variations. 

The variations do not come into comparative measurements 

since the cell was not subjected to any strain when a comparison 

was made between water and peroxide measurements. A survey ot 

the results would however indicate that tor anyone set ot 

comparative readings the error is about l~. 

THE BEFBACTIVE INDICES OF AQUEOUS SOLUTIONS OF HYDROGEN 

PEaOXIDE aND THE CALCULATION OF THEIR ELECTRICAL MOMEllTS. 

-----
Inasmuch as a close relationship exists between the 

dielectric constant ot a SUbstance and the refractive index, 

·it was considered valuable to find in this case it the refractive 

indices would show abnormalities similar to those observed in 

the case of the dielectric constant. 

A~ mentioned in the early part ot this section an 

approximate method tor the calculatioa ot the electrical 

moment is possible when both dielectric constant and refractive 

index data are available. In order to make these two eonstan~s 

comparable the refractive index was extrapolated tor infinitely 

loDS waves by means of the Cauchy Formule~. The accuracy 

ot this extrapolation 1s extremely doubtful because of the 
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probability ot the existence ot absorption bands in the intra 

red. The calculation ot the moments has been done, however, 

mot trom the standpoint ot the actual numerical values 

obtained but, rather to test the applicability ot theDE.Qye 

equation to highly associated liquids. 

EXPERIMENTAL METHOD 

The Spectrometer or gonl~ometer ls a convenient instrument 

to use tor this purpose. It consists essentially ot a divided 

circle about the axis ot which a collimator and telescope 

can roaate. The rays ot light enter the collimator and 

at\er passing through a lens form a parallel pencil. These 

rays are retrac~.d by a prism mounted vertically on the 

centre ot the divided circle. The amount ot retraction 1s 

determined by means ot the telescope. 

The source ot light was a hydrogen tube which made 

possible the measurement ot the refractive index tor ihre~ 

wave leng~ha by focusing in turn on the Hydrogen lines 6563. 

4861, 4340, which appear asr.d, blue and green images on the 

cross hairs in the telescope eye-piece. The prism was 

identical with that used by Maass and Hatcher. The formula 

connecting the quantities .hose values have to be known in order 

to find N the refractive index 1s 
~ fit-d 

% N== 

~ .B--
Z. 

where A - angle ot the prism, d ~ angle ot minimum dQViatiaR. 
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PROCEDURE 

The angle A is first determined. The prism is adjusted so 

that the rays retlected from one ot the faces produce an 

imaa- ot ~he slit ot ~he collimator coinciding with the 

cross wires in the field ot yiew. The telescope is then 

fixed and the prism table rotated until an image of the slit 

again coincides with the cross line. The angle turned through 

== 1800 - A. 

The solution 1n question is then poured into the hollow 

prism and its position tixed so that one face is parallel to 

the collimator slit. The telescope is connected by means of 

a set screw to the rotating disc. It is then moved to a 

position where one ot the images coincides with the cross 

hairs, and also .~.~. on turther rotation of the disc the 

image turns and mOYes in the opposite direction. This is 

the position of minimum dutation. 

The position ot the telescope is also noted whan the 

prism is removed and ot course is a constant = K. The 

difference between the position ot minimum duration and the K 

gives d. - Focussing on the other two images permits the 

determination or d2 and d3· 

Nl:: Sin A -+- (41 ~K) 
2 

Sin A 

~ 
H2 == Sin A + (d2 -X2 

.Sin 

tor red line ~ 6563 

tor green line = 4861 



N~~ = Sin A (d, - K) 

2 tor blue line 4340 

H. Line 

6563 

4861 

4340 

Sin :. 
2 

% 8202 

13·85 

35·48 

55·60 

74-· 79 

89-36 

'remp • 24. SoC 

An&le ot Minimum Priam Angle 
Duration 

22° 461' 
57° 24' 

230 1.5' • 
230 32.' 

----..,-

230 501' 

240 19' • 
24~ 32' 

-.. ----

24° 53' 57°22.' 

25° 22' • 
25° 42i' 
- .. -.. -.. 

2.50 57 57° 24' 

26° 271 

260 43*' 
-- ... -... --

260 461' 

27° 24;t 

270 46' 

N 

1.3409 

1·3476 

1·3515 

.-~.--,..-

1·3557 

1·3623 

1·36.57 

--------

1·37°1 

1·3768 

1·3814 

.... --~--. 
1.38.51 

1·3914 

1·3984-
.. - ....... _-
1·3957 

1.4032 

1.4091 
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The refractive indices for each wave length were then 

plotted against concentration. The values at 20, 35, So, 60, 

80, 100 were read ott each ot the three curves. The tollowing 

values were obtained in this way: 

tJ, H202 N. tor °H ' .Line Temp. 24. 5°c 

6563· 4861. 4340 

20 1·344.5 1·3515 1.3560 

35 1·3552 1·3623 1·3672 

40 1·3.584 1·3600 1·3710 

60 1.3735 1·3808 1·3863 

80 1·3885 1·3955 1.4020 

100 1.4030 1·4105 1·4175 

EXTBAPOLATION OF THE REFRACTIVE INDEX TO AN INFINITE WAVE LENGTH 

The Debye equation relating S~ the dleeectric 

constant to the molecular refraction ot a substance, may be 

represented since H-ILA',4Jt':I MR~ 
3 

E-1 - M .... -
E 2 d 

It is evident that if ~be known an approximate method 

is available tor the calculation ot""", · To do this use 1s 

made of the Cauchy tormula which relates the refractive index 

ot a substance to the wave length at which it 1s measured. i.e. 
N-l = A(l..,.. B ) 

if2 
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The r e fractive Indices of aqueous solutions of Hydrogen Peroxide -

Curve I o. 1 r epr esents t.l e rafra ,tive indices for the 4:-40 H line 

Curve o. 2 for the 4860 H If 

It o. 3 
it 35G3 H 1I 

II _ o. 4 
If refr -ctive indices 

extra p olat ed to infinite wave l ength - by means of the caucl:y formula. 



N is the refractive index, A and B are constants. 

W is the wave length in A,ngstrom units. If W is infinite 

N 
N-l = A. In order to obtainjtwo values of the refractive 

index are required ~& W, and W2 wave lengths. The wave 

lengths chosen were 6563 and 4340-

A calculation is given to indicate how N oLJ is obtained. 

CALCULATION OF N for lO~ H202 

N-l=A(l+~) 

N tor 6563 line ~ 1.40,0 

" 

• 
• • 

Therefore .4030 ~ ~ B = .417.5 + .~ B -
(4340)2 (b5b3)2 

B = 1.14.5 x 106 

Then .4030 == A 

A = .3910 -

N-l ::: .3910 .-. N~ = 1.3910 -

Similarly Noe:j was obtained tor the solution~ -Knowing N.<..)I 



MR ~ can be calculated 
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i.e. N~- 1 
N~.,. 2 

The tollowing results were obtained. 

~ H202 No<....) MR~ 

20% 1.3360 3·854 

3S~ 1·3460 4.110 

l+CJ1> 1.3495 4.154 

6o~ 1.3637 4.533 

80% 1·3756 4·964 

l~ 1·3910 5·643 

CALCULATION OF THE ELECTRICAL MOMENT 

PEBOXIDE AND ITS AQUEOUS SOLUTION. 

AI s: MR D<,..) • .... 
d 

OF PURE HYDROGEN 

Sufficient amount. ot data 1s now available to 

calculate the electrical moments ot Hydrogen peroxide~ 

and its aqueous solutions. The density ot the solutions at CO 

and 24~5°~ is given by Maass and Hatcher. M the molecular 

weight can be calculated. 

A calculation ot~for a 20% solution is given. 

From the curve tor the dielectric constant 

E = l13 Density at zero 1.080 
-16 

MR == 3.854. K = 1.37 x 10 T = 273 

NAt.... 6.06 x 1023 M =: 19.88 



• , 
At B-1 ......... Pi -• • 

E 2 d 

we have -

112 ---11.5 
x 19.88 -

1.080 
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= MR ~ 

~~ 

x 273 

x 12·~a 
1.0 0 - x 3.854) (9 x 1.31 x 10-16 x 273 

== 

= 

4 rI x 6.06 x 10
23 

square root ot above expression 

2.80 x 10-19 

The following values were obtained: 

~ H202 

• 78 
-18 

20 x 10 

35 ·79 IE 10 
-18 

4D 
-18 

.80 x 10 

60 .80 x 10 
-18 

80 .83 x 10 
-18 

100 .86 x 10-18 

THE MOMENT OF WATER 

Two methods are available in this calculation since both 

the temperature coefficient and molecular refraction tor infinitely 

waves are known. The retraction index method will be discussed 
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first. Us1ng the 6563 and 4340 hydrogen lines MR~ is round 

to be 3.610. Using the appropriate constants tor water 
-18 

1s calculated as .78 x 10 • 

Under the heading or-Experimental Verification ot the Debye 

Theory' a method 01 determining~ is given depending on the 

temperature coett~cient ot the polarlzability. For purposes 

ot comparison the calculation ot the moment from this standpoint 

is included. The equation 1s PoT = a ..,. c T where 

PoT = 1:.1 ! T) 
E 2 d 

A and C are constants 

obtained trom a curve where PoT values are plotted as ordinates 

and T as abscissae. (Using the values of E already given at 

various temperatures PoT can be obtained.) 

PoT 

x 18 x 273 - ~746 -1 

~ x 18 x 288 = 4991 -oo.S 

&4-
77·4 

68 --71 

62 
~ 

x 18 x 298 ~ 5157 
r 

x 18 x 323 = 5637 -.99 

x 18 
·97 

x 348 :a; 6160 

Temp. e ;\ 

273 

288 

298 

323 
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The value of a obtained trom the curve = 237.6 

~ -16 
~ - 297.6 x 9 x l.37 x 10 .' 

4 ,,- x 6.06 x 10-23 

c = 4n-NAU I 
:3 

• 

= lIRoO =: slope ot the line 

• • was found to be 1.64. The correct value is 3.61 

In order to compare the various values obtained tor the 

moments ot peroxide and water they are listed below. 

JU calculated from 

1m and E 

~ calculated tor water 
trom Temperature co-efficient 
ot E 

~: . - ~ i.. "-''':~,"' ~'- - .... ig 
water .78 x 10 

20% 8202 .78 x 10-
18 

3.5 

40 

60 

80 

100 

• . 
~ 

•• 

• I 

., 

•• 

-18 .79 x 10 

.80 x 10-
18 

.S. x 10-18 

.83 x 10-18 

-18 
.86 x 10 
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DISCUSSION OF RESULTS AND THE STRUCTURE OF 

WATER AND HYDROGEN PEBOXIDE. 

The curves relating retroactive index to concentration 

show no abnormalities as observed in the dielectric constant 

determination. The same holds true tor N plotted against 

concentration. All the values tall approximately on continuous 

gently sloping lines and the largest deviation occurs in the 

case ot the blue line tor H2 viz 4340. This is undoubtedly due 

to tbe experimental error because the blue image was not as 

well defined as t~e other two and therefore increased somewhat 

the ditficulty of focussing the cross hairs ot the telescope on 

it. 

Maass and Hatcher obtained 1.4140 tor the refractive index 
~3 

ot pure peroxide with sodium light and 1.4~3 fQr96.81~. From 

the values given that ot sodium light ought to be 1.4064 as the 

dotted curve shows. The retractive index at 97% does however 

tall OD this curve. On recalculating the value for pure per-

oxide from tbe prism angle and angle ot minimum deviation 

given by them, it was found to be 1.4063. 1.4140 as given 

is in all probability due to an arithmetical error. The 

refractive index was also determined by Bruhl. He obtained 
:1-9 

values ranging 1.4005 to 1.4069- The upper limit of his 

determination is about the correct one. 

As the molecular refraction ot a substance is both an 

addlt11i and a constitutive one, it is interesting to see 
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what light it throws on the constitution of peroxide. The 
J 1.4064)2 -1 

I 

use ot the Lorenz.~· Lorenz formula gives R = 

R = 5.805. 

It R. for water = 3.715 

• • Hydrogen == 1.050 

Then R tor 0 H = 2.665 

(1.4064)2~ 2 ~.~9 

It Hydrogen peroxide consists of two OH groups 

linked by a single bond i.e. HO-OH, 2 x OH = 5.330 compared to 

5.805 as calculated. The latter values pOint to unsaturation. 

Either ot the two tollowing formulae are possible. HO = OH or 

H - 0 - H 
II 
o 

The molecular retraction ot quadrivalent oxygen io pyrone 

salts as measured by Miss Homfray is equal to 2.7 
2S 

R tor Z Hydrogens == 2.10 

R • Z 0 =...2.:..4- 7·60 

The calculated value tor HO == 0 H 1s then 7.60 

For a divalent oxygen linkage one obtains R for·B1.~O&GIP 2.10 

R • 0 

The value tor H - 0 - H is 6.68 

DISPERSIVE POWER AND CONSTITUTION 

Due to the researches of Bruhl the specific dispersive 

power is represented in the following way: 



N~"" 2)d 

~- 1 

(N~+ 2)d 

-76-

and the molecular dispersive power as 
~- 1. M 

"") 

N(- 1 ! 
N~~2 d 

= M - Moe-. y 

N~""'2 d 

By putting N = 1.4175 and N,<. = 1.4030, 
Y 

My -M~ give .0175. The atomic dispersions for the 

lines are .036 for H2 and .019 tor hydroxyllc oxygen. 

The calculated value tor hydrogen peroxide would then be; 

2 x~ = 2 x .036 = .072 

2 x 02 ~ 2 x .019 = .038 

Calculated value .110 

Observed • .175 

Neither the refractive power nor dispersive power ot hydrogen 

peroxide otters decisive proof as to the correct formula tor 

this sUbstance. Some evidence ot value may however be obtained 

by a consideration of Sugden'~6 parachor. On the basis of the 

following formulae the calculated value ot the parachor 1s given. 

(1) 

(2) 

(3) 

H 0 - 0 H 

Parachor Calculated Parachor 
observed 

74·1 

97·7 

72·5 

The calculated value tor the parachor corresponding to 
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(3) most nearly approahhes the observed value ot 69.6. 

This formula represents what is termed a co-ordinate 

link, i.e. the electrons shared by the two oxygen atoms 

come from the oxygen atom attached to the two hydrogen 

atoms. 

It appears reasonable then to suppOS$ that the 

calculated values ot the molecular refractive and dis-

persive power ot hydrogen peroxide would agree, were 

the atomic retraction ot a co-ordinate linked oxygen 
atom known. On tbe basis then of the deviations 

shown in all three cases tor formulae i and 2, 3 is 
to be taken as correct. 

ELECTRICAL MOMENT 
---~----~~~-~-~--

The calculation ot ~ has been shown by many 

investigators to hold unqualifiedly for gases. For 

liquids this 1s subject to a restriction. If the 

molecules with permanent moments are completely free 

to move and have their dipole strength unaltered in the 

liquid state thruugh combinations, then the law must hold 

tor both. If the liquid is one in which the molecules 

tend to associate, that is. join in groups of two, three 
... ~->en 

or more molecules~is the t~perature changes ~~ the dipole 

strength is altered and the law does not apply. At lower 

temperatures the association tends to ann~ilate the 

permanent moment resulting in much too small a quantity 

in the calculated Yalue. 
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In both the water and the peroxide solutions the 

calculated values are small viz •• 80 x 10-18 • It obviously 

has little significance so tar as a physical constant is co~cerned 

but it may be considered as str.o.nt& evidence tor association i~l the 

above cases. 

From the above considerations and those alone, it is possible 

to make certain statements about the degree of association. Using 

the principle that every system tends to a condition 

of minimum potential energy, every type ot association will 

tend towards that molec*lar arrangement with which aminlmum 

amount of energy is concerned. If the complex were di molecular 

\h. most stable configuration would be a straight line, it 

trl-molecular that ot an equilateral triabgle. Beyond this stage 

the configuration would be difficult to toresee. 

It the formation of double molecules were complete one 

should have instead of Na molecules ot momentJU contributing 

NA}12 to the moeecular polarization. NA molecules of 
2: 

moment 2}1. contributing or twice the original 

factor. 

In the case ot a tri molecular condition a contig~ration 

ot the type ot an equilateral triangle would result in a zero 

value. 

It the value of the moments have any significance the 

most logical thing would be to presume that most of the 

molecules ot water and hydrogen peroxide exist in the tri-
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molecular condition, or that at any rate an equilibrium 

condi t1on~; exists between the di and trl molecular condi tion, 

and also that simple molecules ot either water or peroxide are 

scarce. 

The application of the electronic mechanism of valency 

to the structure of water and hydrogen peroxide. 

,.-- ~-

This question can best be introduced by considering the 

much disputed question as to whether hydrogen should be classed 

with the alkali metals or with the halogens. HYdrogen consisting 

of a nucleus of one proton and attendant electron can lose an 

electron easily, acting therefore like an alkali metal. It 

appears however capable of taking one up either by sharing or forming 

a negative ion. 

Water may then be represented by anyone of three formulae, u 

• • 

H ~O~ H [HJ 
• • 

1 

. . 
)( . 
.0)( 

• • 

11 

H . . 
III 

Tee first formulae represents two co-valent linkages - the 

second a CO-Valent and an e1ectrovalent linkage - the third 

t.o electrovalent linkages. 

The first formula could be interpreted to mean no shift ot 

electrons takes place. Such a molecule is typically "normal' 

and non-polar. 
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The second 1s unsymmetrical and a shift of an 

electron occurs. Such a configuration is typically 

• abnormal-and polar. 

Though the third formula has two electron shifts. 

the symmetry would prevent polarity similar to the example 

previously discussed tor nitro-methane and tetranitromethane. 

Formula 2 1s probably correct tor water. 

THE FORMULA FOR H~02 

The tormula H 0 H 
~ 

seems reasonable trom two pOints of 

view. Firstly, it gives tbe closest agreement between the 

observed and calculated values for the parachor. Secondly 

the ease with which oxygen splits otf is in entire acreement 

with such a configuration. 

From the standpoint ot electron valencies the 

tollowing tormu1~are possible -

. . 

1 11 111 

In 1 the two hydrogen atoms are linked by co-valencies 

to 1 ox.ygen. A coordinate link exists between the two 

oxygen atoms. In 11 one H atom has an electrovalent linkage ; 

in 111 both H atoms have electrovalent linkages. The 

high dielectric constant. high degree ot association and 

the properties of a weak acid point to tormula l.lt~. as the most 

prot·able. 



section III 

THE CONDUCTIVITIES OF POTASSIUM CHLORIDE AND 

ACETIC ACID IN HYDROGEN PEROXIDE AND ITS AQUEOUS 

SOLUTIONS. 

GENERAL INTRODUCTION: 

By tar the largest part of the experiment~l data 

substantiating the ionic hypothesis nas been obtained 

trom observations made in aqueous solutions. To 

merely state that water is an abnormal liquid is not 

an explanation, because others just as abnormal in 

a number ot their physical properties do not possess 

the ability in conjunction with acids, bases or salts 

to torm highly conducting media. It is probably correct 

even to say that the theory otelectrolytic dissociation 

Is ~he theory of the dissociation of acids, bases and salts in 

sater. 

The reason tor the speciticivity in the theory is 

not tar to seek - tew solvents giving rise to comparable 

conductivities are known. It is at once evident then, 

that the use of some solvent other than water, yet quite 

similar in properties would be valuable in showing or at 

least indicating what properties of water were mest 

predominant in determining its ability to give rise to 

dissociation ot the above mentioned chemical types. 



-2-

aydrogen peroxide appeared to ofter striking 

possibilities. Maass and Hatcher and Maass and Matheson~1 
21 

have already shown that the lowering of the freezing 

point of peroxide by salts was of the same order of 

magnitude as in water. Hence it was argued ionization 

must be of the same order. Further it the dielectric 

constant and ionization are related as Nernst and 

J.J.Thomson believe, it is only logical to assume that 

comparable magnitudes are to be expected in peroxide 

to those in .ater. 

The value of such measurements having been decided 

a difficult problem presented itself, viz. the methdd 

ot measurement. Obviously a commonly used conductivity 

cell with platinized electrodes is uut of the question. 

tor both decomposition and polarization must be avoided. 

The first ot these difficulties could be overcome 

as learned trom previous experience by using tin electrodes. 

If however tin electrodes are substitued and the ordinary 

bridge method employed, polarization is still a factor 

which has to be taken into consideration. Both of these 

difficulties were satisfactorily overcome by measuring 

the drop of potential across two tin electrodes with a 

quadrant electrometer. 

In order to make a just comparison with water 



conductivities were carried out in aqueous solutions 

and pure perox1de using as the solute a strong electro

KCL and a weak one - acetic acid. 

EVIDENCE FOR AND FACTORS GOVERNING IONIZATION 

As evidence ot a comparable dissociation in hydrogen 

peroxide to that in water the lowering ot freezing paint 

may be used. The following figures are given for different 

substances. Solvent Solvent 

Substance ~ Solute water Peroxide 

Temp Lowering 

Cane Sugar 20 2·5 2.6 

Na C1 15 11.5 12.1 

Na 003 20 8 • .5 9·0 

Na2 804 4- 1.2 1.6 

The above figures taken trom the determinations ot 

Maass and Hatcher indicate that the lowering of the freezing 

point is about the same as in water. Again the molecular 

weights determined by the freezing pOint method show 

the same abnormalities as tor water. 
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Solute 
Ratio calculated M ~t 

theoretical At W~f' 

water 1.26 

Cane Sugar 

Sodium Chloride 

Sodium Nitrate 

Sodium Sulphate 

On analogy with water then it 1s to be expected 

that a comparable ionization takes place. 

The high dielectric constant of water is supposed to 

be a hint as to the CaUse of its great ionizing power 

when controlled with ~ther solvents. The tollowing 

examples are chosen to make the comparison clear. 

Water Methyl Alcohol Ethy1 Alcohol 

Dielectric Constant 80 34 26 

tJr Ionization NK I 88 -10 
.52 25 

• • N NaBr 86 60 
~ --. 10 

• • N CH3 cook -10 83 16 

The explanation as to how a high dielectric constant 

favors ionization is as tollows: (N) 

It we take the view that the forces which hold the atoms 

in molecules are electrical in origin it 1s evident 
Mellor Inorganic Chemistry page 479. 
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that these f~cs w1l1 be very much diminished when the molecule 

1s close to the surface ot or surrounded by a conductor or a 

sUbstance possessing a high dielectric constant. Thus if ~ and B 

represent two atoms in a molecule:~ placed near a conducting 

sphere, the effect of electricity induced on the sphere by A 

will be represented by an opposite charge Ai, inside ~ 

'he image afiA in the sphere. It A be considered as the 

positive charge very near the outer side of the sphere, Ai 

opposite in sign beomes nearly the same value. The presence 

of the sphere then, tends to annihilate the electrical field 

ot A. It it is an electrical field which tends to hold 

A and B together, then the presence ot a conducting sphere 

weakens the forces between them. This same ettec~ is believed 

by J.J. Thomson to be the case when the molecules are 
z9 

surrounded by a substance of high dielectric constant, so that 

when molecules having their electrical charges segregated 

caused by electro-valent linkages, are dissolved in water the 

torces between the constituent atoms is sufficiently weakened 

to give rise to charged atoms known as ions. 

A somewhat similar conception is possible by assuming 

that electrolytes under all conditions are to some extent 

ionized. The torce between the ions in the molecule 1s 

given by F = e2 
....... the letters having the same 
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significance as in Section 11. If E is small F the 

torce of attraction tending to give rise to the molecular 

condition is large. If E is large the force of recombination 

is then small, so that in water most of the solute molecules 

exist in the ionic condition. 

In point of tact, however, the mechanism ~f ionization 

is by no means as simple as the above outline4 theory 

assumes. In the first place, it is extremely improbable 

that any simple mathematical expression applies over short 

distances, and, secondly, complicating factors arise when it 

is considered that ionlza-tlon is actually a property of 

neither the solvent or solute, but both. 

Finally then it can be said that although plenty of 

evidence is available to indicate that ions do exist, the 

factors governing ionization are by no means understood. 

OWing however to the fact that dielectric constants 

ot aqueous solutions of peroxide are considerably higher than 

those of water, the relationship between them and the con

ductivity of salts, otters a means for checking the 

assumption used to explain the peculiar qualities of water 

in this respect. 



_ EXPERIMENTAL METHOD 

Two essentially different methods are available 

tor the determination of the resistance of liquids. For this 

purpose they may be referred to as the static and the alternating 

current bridge method. In the static method at polarization 

at the electrodes is avoided by measuring a drop of potential 

across two electrodes while in the alternating current bridge 

methods the conditions of the experiment are so arranged as to 

make it negligible. 

Due to the mistrust with which Kohlrausch!s_ (;0nductivit.ies 

were originally received, the comparative accuracy of the two 

methods was investigated by a number of workers in the field 

notably Ostwald, Tollinger, Boaty and Foussereau. 30 

In every case the agreement was within the limits of 

experimental error. 

As none of the static methods differ in principle from 

the one to be described here, they have been purposely 

omitted. 

In outline the apparatus consisted of a glass cell, into 

which four tin electrodes could be inserted. A current of the 

order of .001 amperes was passed through the solution, the 

circuit was made by means ot the two outer electrodes which 

w111 be termed the primary onee;~ A quadrant electrometer 
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connected to the other two (secondary electrodes) made 

possible the measurement of the potential difference 

between two fixed points in the solution. By means ot a 

double throw switch connected to the electrometer and 

across a resistance box which is in series in the primary 

circuit it was possible to measure the drop of potential 

across both the fixed electrodes and the known resistance. 

The ratio of the Quadrant Electrometer readings in the two 

cases made possible the caloulation of the resistanoe of the 

solution in question since the same current is flowing through 

both. 

In detail the glass cell waS simply a U tube with 

two other glass tubes sealed into the horizontal portion 

and In the same plane as the two outer arms. In the ~XmxXJ 

outer arms the primary electrodes were inserted while the 

drop of potential was measured across the two inner ones 

by means ot the electrometer Q. The current was supplied 

by a number of dry cells and passed through the resistance 

Box R and solution on closing the switch S. The double 

switch R could quickly measure the P.D. across E.E. or R. 

Due to the tact that the Quadrant Electrometer often is 

difficult to manipUlate, a short account of it is considered 

pertinent. 



Essentially a quadrant electrometer consists of a 

shallow cylindrical metal box divided into four quadrants -

opposite quadrants are connected together. A light aluminium 

Tane 1s suspended by either a conducting quartz fibre or 

phosphor bronze wire so that it hangs symmetrically inside 

the box. The upper end of the suspension terminates in a set 

screw to which a battery may be attached so as to charge the 

Tane to a potential ot about 90-135 volts. In operation it the 

two pairs ot quadrants be connected to two bodies at different 

potentials the vane is detlected to that pair of quadrants 

which are at the lower potential. This deflection is indicated 

by means ot a mirror attached to the vane suspension and in 

this case was reflected on a scale 2 metres distant. The 

mathematical relationship between the deflection and the 

potentials ot the Quadrant and needle is -

fT = k (Y-Vl-V2> 
(Yl-V2) 

2 
Where := deflection V = potential ot the vane Yl and v2 

respective potentials of the quadrants. 

When V is large ~ =Av (Vl-v2) - and since V is constant 
-e- - ~, (Yl-V2) 

If one pair ot qpadrants is earthed say v2, v2:= 0 

Then -e- = J~ 4i · This relationship was the one used 

in subsequent measurements. 
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Certain operations are necessary in order to satisfactorily 

use the instrument. Stray currents, insulation leakages and 

vibration must be avoided. In order to eliminate all 

three of these the metal case was grounded and the electrometer 

was placed on a heavy sheet of glass in turn supported by a 

solid stone top table. As to the sensitivity, this will 

ot course depend on the type ot work tor which the electro

meter is to be used. QUartz suspensions are troublesome and 

are to be avoided wherever possible. The biggest objection is 

the difficulty in making a good electrical connection between 

the fibre and the vane on the one hand, and the point of 

suspension on the otber. A light phosphor bronze wire 

can be used where high sensitivity 1s not demanded and the 

difficulty of obtaining good electrical contact is removed. 

For conductivity measurements the la~ter suspension was 

round to give good results. 

THE SCALE CORRECTION OF THE DEFLECTION 

Owing to the irregularities in the semi-circular 

scale and the position of the electrometer relative to 

it, the scale deflections were not exactly proportional 

to the potential differences measured. The tollowing 

method ot correction was applied. 3 dry cells were used. 



10 

" /. 

The correction to be applied to the deflection of the ~uadrant 

electrometer . 
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Each in turn was connected across the quadrants ot the electro· 

meter and the deflection determined in all 3 cases. Two were 

then connected in series and again determined. Finally the 

deflection was noted tor all three in series. The calculation 

of the error will make the method clear. 

(1) The scale deflection 

to be 4.60. 

for each dry cell was found 

(2) Two were connected in series 

It functio~ were linear 

• 

• • Error 

== 9 ·40 

= 9. 20 

.20 

(3) Three were connected in series = 14·30 

For a linear relation = 3x4.60 -13·80 

• 
• • Error ·50 

The error was plotted against deflection as shown 

in tbe accompanying graph and the correction made in e~ch set 

of measurements. 

DETERMINATION OF THE CELL CONSTANT 

The method employed in this case will illustrate the 

general method employed in the conductivity measurements. 

Nilo KCL was first employed tor calibration. This solution 
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was poured into the cell and the tour tin electrodes 

placed in position. The two outer electrides were connected 

in the circuit of the cell C and the resistance R. R had a value 

of 22000 ohms. The secondary e1ectrides were connected to one 

pair of end terminals ot the double throw switch K while 

the other two shunted the resistance R. One of the centre 

terminals was connected to ground, the other to one pair 

ot quadrants, the other pair of quadrants were grounded. 

The switch K was thrown in turn acrosS,the secondary electrodes 

E E and the resistance R and the Scale Readings noted. 

A table ot results is included. The letters refer to the 

accompanying figure. 

Temp. 200C 

N/10 KCL 

Resistance tor secondary electr'des . for resistance 

22000 ohms 

Correction to seale 

Corrected Readings 

4·06 

.04 

4·02 

Resistance of Cell = ~.~2 x 22000 = 6471 ohms 
13· .5 

.46 

13· 6.5 
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The statiQ Method for measuring Conductivities of Electrolyt e s 
-- - ------ - -----~-------------------~----------------- - -- ------

E. E . Secondary electrodes 
P. P. prir.1ary It 

C battery of dry cells 
R known resistance 
K double throw switch 
S single If If 

~ quadrant electrometer 



-13-

Resistance ot cell Specific Resistance 

• R~ r or R == Kr where K = cell constant 
• • 
The specific conductivity C = 1 where r == specific resistance -r 
•• 
• • R=-K or K = R C 

C 

The specific conductivity ot N -10 KCL at 2000 ~ 1.17 x 10 

• 
• • 

As a check the cell constant was also determined with 

N/IOO KCL 

Resistance tor Secondary Electrodes tor Resistanc~ 

22000 16.00 

Correction to Scale ·57 
-- .. - .. 

Corrected Readings 1.5·42 

Resistance of Cell ~ 15.42 x 22000 = 59300 ohms 
5·72 

5·80 

.08 

5·72 

-2 

• 
• • Specific Cond"wctivlty of N/1OO KCL = 7~!§g_ = 1.278 x 10-3 

59300 

Landoldt 
-3 

Bornstein gives 1.278 x 10 

cannot be expected to be better than 1/2%. 

Actually the agreement 
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It might be mentioned here that in a series of 

measurements involving the same cell and electrodes, 

any change in the position of the secondary electrides 

was obviated by having the electrodes of such a length 

that they did not reach the main body of the liquid in 

the horizontal portion of the cell. 

RESULTS 

Conductivity of acetic acid in 22.2 6% hydrogen 

peroxide. 

As the conductivity of acetic acid in peroxide was 

expected to be low trom analpgy with water, the aqueous 

solution was purified as carefully as possible. After a 

number of distillations a product was obtained having a 

-6 
specific conductivity of 3.56 x 10 . Even with a solvent 

of the above mentioned conductivity corrections had to be 

applied to the values obtained. This correction depends on 

the fact that the solvent and solute act like two resistamces 

in parallel. The resistance of the solution is related 

to that of the solvent and solute, 

l' Solution = 1/ 1/ R Solute -t- R Solvent 

or specific conductivity of the solution = conductivity 

ot solute ~ conductivity ot solvent. 
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The following results were obtained for acetic acid at 

ooe. 

Approximate cf, H202 SEecific Conductivitl Mol. Dilution 
22.26 Cond. in Normalitl· Uncorrected Corrected. 

litres .... -- .... .,- ....... --~.-~ ... -~- ... ~---- -_ ... -- ..--- .. ~~ 

2N .. 6.4.8xlO-4 6.4ijx 10-4 ·315 -486 

IN .. 5.0.5x 10-4 5.0lx 10-4 ·757 1.~uO 

N 
1.78x 10-4. 1.74x 10-4 -10 • 2.090 12.00 

N -4 7.34x 10-.5 - 4·40 60.()O 50 • 1.70x 10 

N 
5.48 xlO-5 .5 .12x 10-5 - 6.14 100 • 120.0 

N 
2.45x 10-5 2.09 xlO-.5 12·5 600.0 -500 • 

N 
2.05x 10-.5 1.69x 10-5 20·3 1200.0 -1000 It 

Conductivity of KCL 'in 22.26% Hydrogen Peroxide oOe 
Approz.Normality %H202 Spec.C0l.!d. 

2N 22.26 9·62xlO-2 

1N • S.36x10-
2 

N -10 

N 
25 
N 
50 
N 
Too 

.. 1.26x 10- 2 

• 2. 64xlO-3 

.. 1.41x 10-3 

• 7.63x 10-4 

Mol.Cond. 
48.1 

54,7 

62.8 

69·5 

70·5 

76·3 

Dilution 1n Lf£ 
.500 Li tres 

1.020 

5·00 

25·0 

50.0 

100.0 
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Conductivity of KCL in 35.48% Hydrogen peroxide. aOe 

The Specific Conductivity of the solvent was found to be 

Although this value 1s about ten times that 

of the tormer solution no correction factor need be applied 

tor KCL. 

Approximate 
Normality % H202 

1 N 

-.lO 

N 
JOO 

35.48 

It 

• 

Spec.Cond. Mil. Cond. Dilution 
in 

litres 

1.10 

10.10 

107·3 

Conductivity of Acetic Acid in 90.2% HYdrogen .. peroxide aoe 

This aqueous solution was purified to an extent where 

i it h d 1 of 2.2 X 10
-6 

the conduct y y reac e a va ue 

% H20~ Spec. Cond. Mol Cond. Dilution 

Uncorrected Corrected 

2.44 x 10-5 2.22xlO-5 .020 -901 

9"" • 1.23 x 10-5 1.01xIO-5 .0570 5~64 

• 8.30 x 10-6 6.1 x 10-6 1.66 '2tl3'·O 
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Conductivity of KCL in 90.2% Hydrogen Peroxide 00 C 

The same solution was used as in the case ot the acetic 

acid determinations. 

Approximate 
Normality % H202 Spec.Cond. Mol.Cond. Dilution in 

litres 

IN 90 5.ooxlO-2 50.8 1.016 

N - 6.15 x 10-3 10 • 55·9 9·08, 

N • 7·73 x 10-4 - 63·2 82.10 100 

Conductivity ot KCL in 100% Hydrogen Peroxide. 

The peroxide used tor this purpose was preserved tor 

about four months by keeping it frozen by means of solid 

carbon dioxide. It was found that the conductivity was 

high even atter a crystallization. the value being about 1.4-4 

As a result the values had to be corrected. 

tf, H202 Spec.Cond. Mol. Cond. Dilution in 
litres 

100% Uncorrected Corrected 

• 4·51x 10-2 44.8 ·995 
-3 S.11X1O- 3 56·3 11.1 

• S.2Sx 10 

• 6.52x 10-4 6.12 x 10-4 63·0 123·0 
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DISCUSSION OF RESULTS 

Probably the most satisfactory method to discuss the 

conductivities ot KCL and acetic acid in aqueous solutions of 

hydrogen peroxide is to compare them with those ot water. For 

this purpose a series of curves is included to show the 

relation between the m·Qlecular conductivity and dilution 

for KCL. The curves for water and 22.26, 35.48, 90.2 and 

100% 8202 are all of the same type as water. Further 

as ~he percentage of H202 increases the molecular c'onductivity 

tor anyone dilution, decreases regularly. It might have 

been expected that the 3S.~7% H202 solution would show 

abnormalities comparable with the dielectric constant. Such 

bowever does not appear to be the case. The tact also that 

the dielectric constant ot all the solutions is higher than 

in the case ot water, it would be anticipated that all of 

the solutions would show a higher value with respect to 

specific or molecular conductivity than water. 

The ionizing power however with which the value ot the 

dielectric constant is presumably most directly connected is best 

investigated by determining the ratio of the molecular conduc

tivity at any dilution with that at infinite dilution. To 
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A comparison is made between the molecular conductivity of 

K C L in water and dilution to aqueous solutions of peroxide 

of 22, 35, 90 and 100% concentration. 

Curve No. 1 is for water 
No. 2 22% peroxide 

·0 . 3 35% II 

No. 4 90% ft 

No. 5 100% tf 



accurately calculate by extrapolat1on methods the molecular 

conductivity at infinite dilution necessitates the specific 

conductivities ot solutions ot from N/1000 to N/IOOOO. 

Such data is not available trom the present measurements. 

In order to approximate to this value tor the various 

solutions the following method was iesorted to. The molecular 

conductivities were plotted against per cent peroxide 

tor dilutions ot 10, 20, 40 and 100. The included curves 

sh •• a distinct break in the curve for all dilutions at about 

40% hydrogen peroxide. 

The value ot the molecular conductivity ot KCL in water 

was taken as 81.5 at infinite dilution. OoC. and the curve 

was drawn, by proportionality considerations, to those obtained 

at dilutions ot 10, 20, 40 and 100. In this way then an 

approximation to the conductivities at infinite dilution 

is possible.for the tour aqueous solutions, the following 

figures were obtained. 

~H202 Mol. Cond. of KCL at infinite dilution 
I 

100 65·5 aoc 

90 66.0 

35·5 71·5 

22.2 75·8 

water 81·5 

The i.onizing power =.{h where A and A r;tCJ ha.:ve .the 
./1...'<") 
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Each curve in the above group of four represents 

the relationship between molecular conductivity and 

percentage of peroxide at same dilution. K C L is the 

electrolyte. The curve marked infinite dilution was 

drawn by analogy to the above-mentioned ones and was used in 

calculating the ionizing power of the aqueous solutions and t 

pure peroxide. 
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significance already referred to. A comparison can now be 

made for 1,.c...) between KCL in water and KCL in the 

peroxide solutions at the same dilution. 

Dilution 10 

35·5 

22.2 

water 

Dilution 50 

~H202 

100 

90 

35·5 

22.2 

water 

ijJ 
56,5~ 
66.0 

95·7 
7.5.8 

71·5 
81 . .5 

A ---A~· 
61.8 
65,5 

~ .0 

66.a 
71·5 
71.2 
75·8 

1L 
81·5 

Ionizing Power 

.848 

.856 

.868 

.877 

Ionizing Power 

-945 

-9.52 

·928 

·941 

-932 



90 

35·5 

22.2 

water 
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Dilution 100 

/L 
7L~. 

62.6 
65-5 

Q2!5 
b6.o 

72.8 

75·8 

]~ ar:s 

Ionizing Power 

·957 

·955 

The approximate ionizing power so calculated leads 

one to the conclusion that the degree ot dissociation 

ot strong electrolytes is about the same as in water. 

This pOint ot view is fully substantiated by the lowering 

of the freezing point of salts dissolved in pure hydrogen 

peroxide. 

Certainly there is no evidence to show that the higher 

dielectric constant ot the peroxide solutions markedly 

increases the ionizing power. In point of fact it is to be 
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noted that in all three cases i.e. tor dilutions, 10, 50 

and 100 a minimum value for thE~ ionizing power 1s obtained 

rpt th. 35% solution whose dielectric constant is hlgh~et. 

Due, however, to the approxi~ate character of the data 

definite statements cannot be made until more accurate 

values are obtainable. The only conclusion which appears 

justifiable is that due to the abnormally high values of 

the dielectric constaht of water, hydrogen peroxide and 

its aqueous solutions. The ionizing power of these solvents 

is high and of a comparable magnitude. 

THE ACIDITY OF HYDROGEN PEROXIDE 

It was always noted that irrespective of the 

degree of purity that could be obtained, that solutions 

exhibited an acid reaction towards litmus paper. Other 

investigators have described hydrogen as a weak acia and it 

1s interesting to see just to what extent this is true. 

On comparing the hydrogen ion concentration of water, 

hydrogen peroxide, carbonic and basic acids, the following 

results are obtained: 
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Substance 

.8 x 10-7 

4 10-5 
- x 

Boric acid 

Carbonic Acid 

The H T ion value for peroxide was obtained on the 

-6 presumption that the specific conductivity was 2 x 10 

-and that the sum of tbe ionic conductances of H rand H02 

ions at infinite dilution was approximately the same as 

water viz. 487- As, however, the measurements were 

carried out in a glass vessel the true conductivity 

may be considerably lower. All that the above table 

is designed to show is that hydrogen peroxide is a very 

weak acid, even on making comparisons with boric and 

carbonic, which are known tv ty~ify weak acids. 



SUMMARY 

The physical constants ot hydrogen peroxide are 

probably ot most interest when compared and contrasted to 

those ot water. Due to the tact that the constants described 

and discussed belong to distinct branches of physical 

chemistry it was considered best to deal with them under 

separate headings referred to as Section 1, 11, and 111. 

In the first place, the value of any constant depends 

on two things, the purity of the material under investigation 

and also the accuracy of the measurements. Few sUbstances 

otter greater difficulty in this respect, for beth the 

purification and sUbsequent measurements must be carried 

out under such conditions as will ens*re minimum decomposition. 

Due to this complicating tactpr ot decomposition, a 

detailed account ot how the process of purification was 

carried out seemed pertinent. It has been maintained 

that each organic stabilizer it present must be treated 

in a specific fashion depending on its chemi'cal nature 

and its effect on the peroxide solution. In the case 

of inorganic stabilizers or impurities these are 

satisfactorily removed by distiUt,l,t.1.o.n in sliglltly alkaline 

solution. 



As one ot the criteria ot purity are-determination 

ot the melting pOint was considered advisable. The 

value -.90 appears to be more correct than that previously 

determined by Maass and Hatcher. The reasons for this are 

discussed in Section 1. 

The density determinations differ slightly from 

Maass and Hatcher's values. Decomposition of Hydrogen 

peroxide in the dilatometer made necessary the correction 

ot the reading for the volume ot oxygen liberated. 1.4649 

1s considered to be the correct value at aOe. 

The final part of section 1 has to do with the partition 

ot hydrogen peroxide between ether and water. No data 1s 

available trom other sources above 30% peroxide. The results 

in section 1, however, cover the whole range ot concentrations. 

It was also found that the simple application ot the distribution 

law was impossible as no constancy in the partition is to be 

noted, even tor dilute solutions. When however the state 

ot aggregation ot hydrogen peroxide is taken into considera

tion, a reasonable agreement to constancy is obtained. 

The value of the distribution law in this case then, 

appears to be that si. qualitative relationship exists 

between the nature of the solvent and the state ot 

aggregation ot the peroxide dissolved in it. 



Section 11 1s devoted to the dielectric constant 

ot peroxide and water. The physical and chemical 

significance ot this constant was discussed and the 

theory as developed by Debye given. 

The apparatus tor measurement of the dielectrio 

constants ot liquids has two distinguishing character

istics trom those employing the resonance principle. 

Flexibility in design makes possible measurements 

at different frequencies, and secondly, the type ot cell 

used permitted accurate determinations without the 

necessity of correcting tor lead' or end .effects in 

the condenser. 

As to the values obtained, those tor water 

agree reasonably well with previous investigators. 

So far as is known, no accurate value has been 

obtained tor pure hydrogen peroxide. The measure

ments made wIth it and its aqueous solutions show 

that the value 1s higher than water. For 100 per cent 

peroxide it 1s 89.2. passing through a maximum for 

a 35 per cent solution of 120 and gradually dropping 

to 84 corresponding to water at ooe. 

By making use of the refractive index measurements 

and those ot the dlelectric\ constant, the electrical 

moments were calculated, both for water and aqueous 



solutions of peroxide. It is concluded that the 

high degree of association in the case of water 

and pure peroxide, annihilates the permanent moment 

of the single molecule and that in solution the 

effect ot the fields of force around both the solvent 

and solute molecules give rise to moments of comparable 

magnitude to those of either water or pure peroxide. 

Finally, a structural formula is given baaed on modern 

valence CODcepts. 

In section 111 a method for the accurate measurement 

of conductivity ot salts in peroxide was discussed. 

Polarization and decomposition at the electrode are 

eliminated. The values obtained in solution using 

K CL as an electrolyte indicate that the ionization 

is ot the same order as water. The results were discussed 

from the standpoint of the dielectr~c constants of 

the media but no quantitative consideratiomcould at 

present be drawn from them-

In conclusion, it appears correct to consider 

hydrogen peroxide as a highly associated liquid possessing 

an ionizing power comparable to that of water. In con-

trast its energetic oxi'd1zing properties, and ease ot decom

position indicate the etfecb of the addition of an extra 

oxygen atom to an extremely stable molecule like water. 
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